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PREFACE. 



Thb articles Stbam and Stbam-Enginb in the 

former edition of the Encyclopaedia Britannica^ were 
written by Dr Robison. The college companion of 
James Watt became thehistorian of his achievements, 
the expounder of inventions of which he had closely 
watched the origia and progress. His articles are 
distinguished by that clearness of conception, close- 
ness of reasoning, and gracefulness of style, which 
entitle him to be ranked among the soundest and 
most accomplished of those authors who have con<> 
tributed to the advancement of mechanical science. 
These articles have long formed the standards of our 
knowledge, and are still the fountain-head to which 
we resort for information. To Sir David Brewster we 
are indebted for the publication of certain contribu- 
tions to these orig^al articlesy which have enhanced 
their value : to his edition of Dr Robison's works, Mr 
Watt himself undertook to contribute notes and addi- 
tional matter, and thus became at once the historian 
of his own inventions and the commentator on the 
writings of his early iViend. 

Thus, the friendship of these two distinguished 

472 
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individuals) commencing with the warmth of youth- 
ful companionship, continuing through the vicissi- 
tudes of lives longer than the usual .term of humanity, 
and descending into their graves — is embalmed in 
these their joint contributions. It appeared to the 
writer of these pages, that he could not better dis« 
charge the duty devolved upon him, in accepting 
the responsibility of the articles Steam and Steam- 
Engine, in the seventh edition of the Encyclo- 
pedia Britannica, than by retaining as much of 
those original contributions of Robison and Watt 
as could consist with the present advanced state of 
knowledge and practical art. Considerable portions 
of them are, therefore, presented to the reader exactly 
as they came from the pens of Robison* and Watt,t 
distinguished by their names or the accompanying 
marks; and to these valuable gems his own contribu« 
tions serve only as the mere setting" required to 
connect them with the now extensive structure of 
practical science. 

In the joint lives and labours of Robison and Watt, 
we open one of the brightest pages of the friendships 
of philosophy "—intellectual prowess was in them re« 
markably conjoined with the virtues and amiabilities 
of social life, and it is difficult to say, whether we 
more admire the philosopher, or love the man. Akin 
to these feelings appear to have been the sentiments 
with which through a long life they regarded each 
other. Fortunately, the records of these sentiments 
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still exist in notices written by themselves. Robison*8 
sketch of Watt is already before the public ; but we 
haye now the pleasure of presenting to oor readers^ a 
companion sketch of Robison drawn by Watt himself» 
which we owe to the kindness of Sir John Robison, 
and which, in April 1805, was addressed by Watt to 
the widow of the departed friend of his youth, 

Mr Watt's Sketch of Dr Robison. 

Our acquaintance began in 1756-7> (Mr Kobi- 
son being then seventeen,) when I was employed 
by the University of Glasgow to repair and put in 
order some astronomical instruments, bequeathed to 
the University by Dr Macfarlane of Jamaica — Mr 
Robison was then a very handsome young man, and 
rather younger than me. He introduced himself to 
me, and I was happy to find in him a person who was 
so much better informed on mathematical and philo- 
sophical subjects than I was, and who, while he was 
extremely communicative, possessed a very clear 
method of explaining his ideas. Between two young 
men of ardent minds engaged in similar pursuits, a 
friendship was soon formed, which has continued 
until death has deprived me of my friend, and has 
suffered no other interruption than what has been 
caused by our absence from each other, and the ne- 
cessary attention to our respective duties in life* 
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Soon after this, I settled as mathematical instrument 
maker in the college of Glasgow, and was favoured 

^Vfhh J\(^r RQl)i§qn*s company until he left the college, 

about the end of 1758, and went to sea — I believe in 

one of his Majesty's ships. 

During this period, he turned my attention to 
the steam-engine, a machine of which I was very 
ignorant, and suggested that it might be applied to 
giving motion to wheel carriages, and that for that 
purpose it would be most convenient to place the 
cylinder with its open end downwards, to avoid the 
necessity of using a working beam. The latter idea 
he had published some time before in the VnivermU 
Magazine — In consequence, I began a model with 
two eylinders, of tin plate, to act alternately by means 
of a *** acting on two pinions attached to the axes 
of the wheels of the carriage; but the.model being 
slightly and inaccurately made, did not answer ex- 
pectation* New difficulties presented themselves; 
both Mr Robison and myself had other avocations 
requiring our attention, and neither of us having then 
any idea of the true principles of the machine, the 
scheme was dropped. I, however, went on with some 
detached experiments on steam until 1763, when I 
set about the matter more seriously, and discovered 
the principles upon which my improvements on the 
steam-engine were founded." 

Beside this we place the following extract from the 
Eioge of Watt i being — 
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Dr Robison's Sketch of Young Watt in His 

Workshop. 

Wben I was as yet a young student, I had the 
vanity think myself a pretty good proficient in 
my &yourite studies of mathematical and mechanical 
philosophy^ and, on being introduced to Watt, was 
rather mortified at finding him so much my superior. 
Whenever any of us stumbled on a difficulty, we 
went to Watt ; he needed but to be prompted ; every 
thing became to him the beginning of a new and 
serious study, and we knew that he would not 
quit it till he had either discovered its insignificancy 
or made something of it. . • • On one occasion, 
die solution of a problem seemed to require the 
perusal of Leupold's Theatrum Machinarum — and 
Watt forthwith learned German ; at another time, and 
for a similar reason, he made himself master of Italian. 
• • • when, to the superiority of knowledge which 
every man confessed, is added the naive simplicity 
and candour of Mr Watt's character, it is no wonder 
that the attachment of his acquaintance was strong. 
I have seen something of the world, and am obliged 
to say, I never saw another such instance of general 
and cordial attachment to a person whom all acknow- 
ledged to be their superior. But this superiority was 
veiled under the most amiable candour and liberal al- 
lowanee of merit to every man — Mr Watt was the first 
to ascribe to the ingenuity of a friend, things which 
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were very often nothing but his own surmises, followed 
out and embodied by another. I am well entitled to 
<«ay this; having often experienced it in my own case." 

Below this sketch Mr Arago has written a note^ to 
which we shall every one subscribe : — It is difficult 
to determine whether the honour of having uttered 
these last words is not as great as that of having in- 
spired them" — and, with both sketches before us, we 
are equally left in doubt whether eaeh were not fully 
entitled to all the encomiums his friendship has passed 
on the companion of his youth and the unchanged 
friend of declining age. 

In the present articles, it has been the author^s aim 
to add to all that Robison had originally said of 
Watt's invention, what he would have required to add 
if he had lived to witness its present extended use, its 

multifarious applications, its varied forms, its modifi- 
cations in materials and construction. In all else — in 
principles, in useful effect — ^little has been added, 
though much has been cbaDged since the machine 
came out of the hands of the original inventor. The 
author has to regret the inadequacy of his work to 
the design which he had formed, and its defects, even 
when compared with his own standard of excellence. 
Unfortunately the duties of a laborious profession 
allow him little leisure for literary exertions. He has, 
however, endeavoured to place before the reader, in a 
simple form, all the most important information wlddi 
any years of research and of practical experience in 
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a favourite subject have placed in his possession ; and 
the reader who is familiar with the subject will readily 
discover that he has read and thought for himself, 
and that his errors, if many, are at least his own. 
In one point he trusts he has fadlitated the progress 
of the student. While giving the general reasoning of 
complex calculations, he has endeavoured to disembar- 
rass them as much as possible of that parade of 
calculus which exhibits the author at the expense of 
the reader ; and rather to present their results in that 
simple form in which alone ^reat truths present them- 
selves to those who thoroughly understand them. In 
treating an extensive subject in a limited space, he has 
also preferred to present general truths, rather than 
to enlarge upon minute details and muldfarious 
definitions, which often lead the reader to imagine he 
understands a subject when he only remembers the 
technical phrases in which it is conveyed, having ac- 
quired nothing more than that species of mere word- 
knowledge deplored by Bacon — 

^ voces artis habeant in promptu, etiam artes ipsas perdicisse 
existimentur " 

It is further necessary, that the intelligent reader 

who shall happen to compare these articles with any 
other treatises that may have recently appeared, 
should be apprized that a great part of them was 
written a considerable time ago, and that the com- 
mencement was actually in the pres^ two years before 
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the present date of publication ; its alphabetical place- 
in the Encyclopaedia, and other impediments, having 
delayed its appearance .till now. 

The author would be unjust to the editors of the 
Encyclopsedia Britannica did he not acknowledge the 
benefit this article has derired from their supervision* 
The multifarious duties of his profession, and pro- 
longed absence from home and on the Continent, 
have in a great measure precluded his own supervi- 
non of the press* To them belong at once the merit 
and the responsibilities of the active editorship of 
these articles. 

The literature as well as the science of steam navi- 
gation is still very imperfect; and this article can only 
be considered as contributing some materials towards 
a treatise on that subject. Imperfect though it be» 
it contains the results of many years of laborious re- 
search and personal examination and experience* The 
historical statements are made on the highest autho- 
rity, the oral or written testimony of eye-witnesses, 
of the facts communicated to the author* The 
generalized facts of the latter part represent the qua- 
lities and performance of the chef d'enavres of the best 
constructors, in most cases ascertained personally by 
the writer in his own experience, or directly communi- 
cated. Where he has committed errors or omissions, 
he will gratefully receive correction — especially from 
any kind readers who may happen to be acquainted 
with the merits of any one who has contributed to 
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the advancement of Bteam navigation, and of whose 
achievements the author has the misfortune to be 
ignorant* 

Many of the valuable drawings from which the 
plates were engrayed, have been contributed with great 
kindness by the engineers wliose work they are, and 
whose names they honour* 

The reader who consults an article of an Encyclo- 
psediay will not expect to find every thing said con- 
cerning every one of the subjects that are within its 
title. The following memorandum may be of service 
to the reader whom these pages may inspire with the 
wish to know more of the subject. 

Ma Farey's large quarto volume on the steam- 
engine, is the most satisfactory work ever published 
on those departments of the subject which it compre* 
hends; but unfortunately the work is still incomplete. 

Mb Stuart's historical writings on the steam-en* 
gine are well worthy of perusal. His research has 
been unwearied, and, although microscopic critics 
have detected minute errors, he is in general most 
trustworthy. 

M. Db Pampbour's treatise, and Mr Robert Ste- 
phenson's, contain clear descriptions and excellent 
experiments on the application of the 8team*engine to 
railway transit. 

Mr Gordon's Treatise on Elemental Locomo- 
tion," gives an interesting account of almost all that 
has been done for the introduction of carriages pro* 
pelled by steam on common roads. 



PBEFACB. 



Tredgolu's Treatise on the Steam- Engine,** 
contains several interesting tracts and many valuable 

plates. 

Besides these, the engineer's library on steam now 
contains above a hundred volumes, for the titles of 
which he may consult bibliographical works. He 
will find interesting discussions, valuable facts, and 
ingenious devices in steam, spread through the journals 
of the last thirty years^-especially in the transactions 
of the Royal Societies, the Philosophical Magazines, 
the Mechanics' Magazine, the Patent Registers, and 
Nautical, Railway, and Engineers' Journals ; — from 
all of which the author has obtained much valuable 
information. 

ViBGiNiA HousE) Gesbnock, 2Sd April 184 1« 



The publishers have to add, that the history of 
Steam Navigation in this volume is not the same as 
that printed in the Encyclopcedia^ which is the contri- 
bution of another writer ; and that, in order to render 
the volume on the application of steam as complete as 
possible, they hiave added the account of the Loco- 
motive Steam- Engine, from the Treatise on Rail- 
ways by Lieutenant Lecount. 
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The articles Steak and Stbam-ekoinb in ibe En- 
cyclopaedia Britannica, were originally written "by Dr 
RoBisoN, and were long the standards of reference 
upon these subjects. The rapid progress <^ science and 

of the mechanical arts during the present century, has 
now rendered it necessary to substitute for these articles 
those maturer results of recent research, to the attain- 
ment of which the original papers were themselves the 
means of Tory materially conducing. The Talue of these 
' ' original researches was farther enhanced by passing 
through the hands of the man of all others the most ca- 
pable of appreciating their yalue, and the best qualified 
to increase it by his contributions. It was the early friend 
and companion of Professor llobisouy M& Watt himself, 
who, towards the dose of his 1]£b, and notwithstanding 
the laborious nature of the undertaking, agreed to revise 
those articles for republication^ so as to present them to 
the public with somewhat of ihat greater completeness 
which it is, to be presumed their author would himself have 
conferred upon themi had he lived to see the investigations 
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which he had hegun, carried forward and completed. Mr 
Watt was, howeyer, prevented by the weakness of increas- 
ing years from doing more than adding notes to these 
articles, and they were accordingly printed in tliat fui in ; 
but they contain a most interesting chapter of the history 
of inyentive genius, for tliey give us, in Wattes own words, 
the history of the progress and consummation of his own 
noble iuTentions, and display the efforts of genius work* 
ing its way through the obscurities of imperfect knowledge 
to the discovery of pure truth and the achievement of the 
most exquisite combinations. 

While, therefore, it was impossible to retain the articles 
themselves, it w as highly desirable that all that had ren«- 
dered them valuable should be retained, and more espe* 
cially such portions as serve to record the state of the 
mechanics and physics of steam at that time, and the pro- 
gress of the invention; and these, together with the 
notes of Mr Watt, it has been thought better to give in the 
precise words of the original, than to transpose them into 
language which could neither be more clear nor more ap- 
propriate than that with which their authors had invested 
them. Such portions of the articles on steam and the 
steam-engine, as have been in this manner retained, are 
distinguished by an appropriate mark. Paragraphs i^om 
the pen of Dr Robison have a star * placed at their com- 
nieiioement ; those of Mr Watt, in like manner, have a 
cross f . To all that was interesting and valuable in the 
original articles, an attempt has been made to superadd 
whatever subsequent labour and research^ may have 
brought to light. 
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Section I.— considebations of a general nature 

BEOABDING THE VBOPSBTIE8, THENOMENA AND AFPLI- 

CATIONS OF STEAM. 

1. * Steam is the name given in onr langua^^e to the 
visible, moist vapour which arises from all bodies ^vhicli 
contain juices easily ezpelled from them by heats not suffi- 
cient for their combustion. Thus we say, the steam of 
boiling water, of malt, of a tan-bed. It is distinguished 
from smoke by its not having been produced by combus- 
tion, by not containing any soot, and by its being conden- 
sible by cold into water, oil, inflammable spirits, or liquids 
composed of these. 

2. * We see it rise in great abundance from bodies 
when they are heated, forming a white cloud, which difiEiises 
itself and disappears at no very great distance from the 
body from which it was produced. In this case the sur- 
rounding air is found loaded with the water or moisture 
which seems to have produced it, and the steam seems to 
be completely soluble in air, composing, while thus united, 
a transparent elastic fluid* 

3. * But, in order to its appearance in the form of an 
opaque white cloud, the mixture with or dissemination in 
air seems necessary. If a tea-kettle boik violently, so that 
the steam is formed at the spout in great abundance, it 
may be observed, that the visible cloud is not formed at 
the very mouth of the spout, but at a small distance before 
it, and that the vapour is perfectly invisible at its first 
emission* This is rendered still more evident by fitting 
to the spout of the tea-kettle a glass pipe of any length, 
and of as large a diameter as we please. The steam is 
produced as copiously as without this pipe, but the vapour 
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is transparent and colourless throughout the whole of the 
ppe* Nay» if this pipe commimicate with a glass vessel- 
terminating in another pipe, and if the yessel be kept 
sufficiently hot, the steam w ill be as abundantly produced 
at the mouth of this second pipe as before^ and the yessel 
will remain quite transparent. The visibility, therefore, 
of the matter which constitutes the steam is an accidental 
circumstance^ and appears to require its dissemination in 
the air ; and we know that one perfectly transparent body, 
when minutely divided and diffused among the parts of 
another transparent body, but not dissolved in it, makes a 
mass which is Yisible« Thus oil beaten up with water 
makes a white op€tque mass. 

4« If the column of steam which ascends from a boiler 
that is suddenly opened, be observed in a clear dry day, 
when the sun is shining, the column of vapour, gradually 
widening as it rises, will be observed to be of a very bril- 
liant silvery white, and will cast a strong dark shadow 
upon the objects which it intercepts from the direct rays 
of the sun : but, if the observer be placed in this shadow, 
the sun will appear to him to be of a strong tawny, or 
fiery red colour, or, if the column be very dense, the sun 
will be invisible. These appearances closely resemble 
some phenomena of the clouds, which we know are com* 
posed of watery vapour, and which sometimes appear of a 
fleecy white, again of a fiery red or a burnished gold 
colour, or again of a dappled grey, down through every 
degree of darkness, until the vapoiu* become so dense and 
opaque as altogether to obscure the light of the sun by a 
thick black cloud. These appearances have been satis£EU$« 
torily accounted for. Steam, in its attenuated state, is a 
transparenti invisible, colourless gas* When disseminated 
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through the air in excessive quantities, small globules are 
formedy of a film of watery enclosing light Tapour. These 
glolniles, floating thickly in the air, form an aggravation 
of minute films of fluid, capahle of reflecting and traus- 
mitting li^t. Whoi we are so placed that the light may 
be reflected to us, and when the dond is so thick as to 
reflect it completely, we have the same brilliant white 
which results from the conmunution of glass^ rosin« ice» 
and other transparent media ; and, at the same time, an 
obseryer, placed on the opposite side of the cloud, sees it as 
a dense black opaque mass, because the light being totally 
reflected, none of it can be transmitted to liiin. The richer 
colours transmitted by thinner strata of vapour are thus 
noticed by M* Leopold Nobili of Reggio. ^ The tints 
exhibited by the clouds in every variety of aspect are al- 
most all comprised in Sir Isaac Newton's first ring» (the 
white, yellow, orange^ red ; or the blood, tawny^ copper, 
ochre, and fire red, and violaceous red, or No. 1-12 of 
Bir Nobili's scale.) Tints of this kind do not arise from 
refraction and diffraction, they are produced only hy means 
of thin plates. Now the measurements of Sir Isaac New* 
ton have shown what are the dimensions of the layers of 
air, of water, and of glass, wliicli produce the colours of 
the several rings; and, as we know that the yeaicular 
Taponrs are formed of water, and that they do not reflect or 
transmit any other tint, we may conclude that their exter- 
nal film is in no case thicker than ten milliontb-parts of 
an inch. This result appears to me to be so decidedly cer- 
tain as to be entitled to a place in science." It was to the 
effisct of thin plates on light that Newton referred the 
colours of all bodies ; and the accounting for the rich 
golden hues of the clouds^ and the fiery red colour of light 
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passing tbroiigh dispersed stean^ by the effect of the tbin 
plates of water enclosing the vapoury spheroids of pure 
steamy must be regarded as one of the most sati^ftctory 
applications of his theory. (See Optics.) Ency. Brit. 

6. A very singular phenomenon takes place, if the flame 
of a candle or lamp be held below a jet of steamy as it 
issues from the mouth of a small pipe ; the steam instantly 
ceases to be visible. In this case, one of two changes 
may be conceived to take place, either or both of which 

account for the pcnnaucnt invisibility of the vapoiu' : the 
intense heat of the flame may disperse the particles to 
such a distance^ that there does not remain in a given 
space a su£Oicient number to form a vesicle of vapour, and 
it therefore remains diffused in combination with the air, 
which always holds a large quantity of invisible vapour, 
especially at high temperatures ; or the vapour may be 
decompoted by the flame into the permanent and invisible 
gases of which it consists, which may again become com- 
binedy to a certain extent, with the burning substauce, and 
support the flame* • . 

6. * When steam is produced, the water gradually 
wastes in the tea-kettle, and will soon be totally expended 
if we continue it on the fire. It is reasonable, therefore, 
to suppose that this sttam is nothing but water, changed 
by heat into an aerial or elastic form. If so, we should 
expect ihat the privation of this heat would leave it in the 
form of water again. Accordingly, this is fully verified 
by experiment ; for, if the pipe fitted to the tea-kettle be 
surrounded with ice, or any cold substance, no steam will 
issue, but water will continually trickleiirom it in drops : 
and if the process be conducted with the proper precau- 
tious, the water which we thu^ obtain from the pipe will 
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be found equal in quantity to that which disappears from 
the tea-kettle. Steam is therefore the matter of water, 
converted by heat into an elastic Tapour* 

7» Steam, water, and ice, are three conditions of the 
same substance, which it assomes under different circum- 
stances of heat andof external pressure. In eac^ condition it 
obeys different laws ; as a solid, ice obeys the laws ut the 
mechanics of solid bodies : in Russia it is quarried like 
rock, and is used for building houses and paving ways ; it 
is cast into moulds for domestic pur[)oses, like iron or lead; 
it IB painted like alabaster, and chiselled like marble : as a 
liquid, water is the exemplar of the hydrostatical laws of 
all fluids : as a vapour, it obeys the laws of aerostatics ; 
and we now know that steam is, in all respects, similar in 
its constitution and phenomena to all other clastic fluids 
or gases. If we apply beat to a bar of extremely cold ice, 
it expands like other solids with heat, gradually elongat- 
ing with its increased temperature, its particles receding 
from one another by the repulsive action induced upon 
them by the entrance of caloric between them, the 
cohesion of the particles becoming less and less, until at 
last, if the heat be continually thrown in, the cohesion of 
the particles is altogether overcome, tliey lose their ag*- 
gregation, they become separable without effort, and, £iil- 
ing to pieces, the bar of ice loses its form and subsides 
into water. When thus melted, the water being placed 
in a vessel, and having beat applied to it, will^ like other 
fluids, continue to expand from its point of greatest den- 
sity, and will increase in bulk nearly one-twentieth by 
about 1 72^ ; but at last the entrance of so large a quantity 
of heat wiU produce a repulsive force between the par- 
ticles so strong as to cause them suddenly to spring apart 
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from one another, so as to recede te a distance twelve 

times as flGir asunder as in the state of water, and they 
baye now asswned the aerial condition of gas or Tapoidv 
and constituting steam, occupy 1728 times their origi- 
nal space. The ice passing into the condition of water, 
is said to be lique/ied, and the heat necessary to conyert 
ice into water is called the caloric of liquidity of ice, 
or the caloric of condition of water ; when water is con- 
yerted mto steam, the quantity of caloric necessary this 
purpose is called the caloric of vapoHzation of water, 
or the caloric of elasticity of eteam, and the water 
is thm said to boil or evaporate* This process may be 
reversed. If the steam haye been collected in a close re- 
ceptade, it may be squeeaed by external compression into 
its original bulk, or by cooling the outside so as to 
withdraw the caloric of elasticity from between the par- 
ticles, th^ may be allowed to come together by the at- 
traction of cohesion, and, resuming their original proxi- 
mity to each other, appear once more in. their former 
condition of water, and in this case the vapour is said to 
be condeiised s and if the process of abstraction of caloric, 
with sufficient pressure, be continued, the liquid particles 
approaching each other, will gradually contract tlie bulk 
of the mass, and at a certain point will take again the 
original character of ice> and the liquid is then said to 
be congealed oy frozen. The same particles of matter do 
thus in turn play many parts*^ 

Ice melts and becomes water by increment of heat. 

Water evaporates into steam by increment of heat. 

Steam is condensed into water by decrement of heat* 

Water congeals into ice by decrement of heat. 

8* These phenomena are not confined to one sub- 
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stance : many substances, apparently tbe most refractory, 
liare been melted and again congealed, while other sub- 
staacea which had never been obserred in any other form 
than that of transparent air or invisible gas have been 
condensed by the expedients oi modern artifice into liquids 
heavier than water, and have even been congealed intd 
hard and strong* solids. To so great an extent has this 
taken place> thai we are now ahnost warranted in dedu- 
cing, from a wide inducUon of faots, the following generali- 
zation ; that all bodies assume the solid, liquid, or gaseous 
condition* according to the aooideotli of temperature and 
pressure under which they happen to be placed ; and that 
it is merely from the circumstance of their being more 
ordinarily found, at the present temp^nture of the earth 
and under the weight of our present atmosphere, in one of 
these states rather than another, that some substances 
have been characterised and distingni^ed, and classed as 
permanent solids, liquids, or airs. We now speak of ice 
only as frozen water ; but had we lived under a tempera- 
ture such as that which the inhabitants of the planet 
Jupiter, at their distance from the sun, may be conceived 
to endure^ we should have spoken of swallowing melted 
ice as we now speak of molten lead, and a separate name 
for melted ice would have remained unknown ; or, if we 
eonc^ve, in like manner, our air to be withdrawn, and the 
temperature of the earth raised above 212°, we should 
then have moved imder an atmosphere of steam of the 
same pressure as at present, transparent and colourless, 
and might only liave heard of water as a curious substance 
obtained from the compression of the air. The phenomena 
of steam are much simplified and more perfectly expUnned 
when we take this enlarged view of its analogy with other 
kinds of matter. 
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9. We are most fkmiliar witli steam when in the act 
of rising violently from heated water in the process of 
ebullition* The history of steam at this crisis is highly 
instructive, and its phenomena may be studied with advan- 
tage by examining it in a glass vessel placed oyer a strong 
lamp. When heat is first applied^ a rapid circulalion of 
the fluid ensues. The water on the bottom, being first 
heated and topandedy becoming lighter than the rest, rises 
to the top, and is replaced by the current of colder water 
descending to receive in its turn a further accession of 
heat* By and by, small globules of steam^ formed on the 
bottom and surrounded by a fihn of water, are observed 
adhering to thegllEtss ; as the heat increases they enlarge; 
in a short time several of them unite> form a bubble larger 
than the others, and, detaching themselves from the glass, 
rise upwards in the fiuid. But they never reach the sur- 
face ; they encounter currents of water still comparatively 
cold, and descending to receive from the bottom their sup- 
ply of heaty and encountering them, the bubbles are robbed 
of their heat, shrivel up into their original bulk, and are lost 
among the other particles of water. In a short time the 
mass of the water becomes more uniformly heated; the 
bubbles, becoming larger and more frequent, are con- 
densed with a loud crackling noise ; and at last, when the 
heat of the whole mass reaches 212^, the bubbles from the 
bottom rise without condensation through the water, swell 
and unite with others as they rise, and burst out upon the 
air in a copious volume of steam, of the siune heat as the 
water from which they are formed, and pushing aside tho 
air, make room for themselves. In this process, by con- 
tinuing the application of heat, the whole of the water 
may be " boiled away " or converted into steam. 

10. The smgular sounds produced from a vessel of 
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•water exposed to heat, previously to boiling, have at- 
tracted attention ; the water is then Tulgarly said to be 
simmeruig or singing ; and, when this takes phice» it is 
because the vessel is boiling at one place and compara- 
tiyelj cold at another. This noise b most distinctly heard 
when the fire or flame applied is small^ and its heat in- 
tense, when the vessel is large and the water deep ; for in 
that ease the entrance of the caloric will take place more 
rapidly than the circulation can convey it to the remote 
particles of fluids and so bubbles of steam will form rapidly 
at one place and be rigidly condensed at another ; the de* 
gree of velocity with which such bubbles succeed will de- 
termine the pitch of the singing tone. We have observed 
this phenomenon in greatest perfecdon when we hare at- 
tached a slender pipe to a close boiler producing steam, 
and carried its open mouthy of the diameter of ^ or of an 
inch, down below the snrfiEU^ of cold water in a glass 
jar. When the mouth of the steam-pipe is held just below 
the mxehuce of the water» the steam issues with great 
rapidity in small bubbles, producing au acute tone ; and* 
on the other hand» when the pipe is held at a con- 
siderable depth, the concussions become more yiolent and 
louder, their intervals of succession greater, the tone is 
lowered, and finally, the shocks become detached, and so 
▼iolent as to shake ihe glass and surrounding objects 
with much force. On this subject Professor Robison 
obserres, that a violent and remarkable phenomenon ap- 
pears, if we suddenly plunge a lump of red-hot iron into 
a vessel of cold water, taking care that no red part be 
near the surface* If the hand be now applied to the 
side of the vessel, a most violent tremor is felt, and 
sometimes strong thumps these arise from the collapsing 
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of rery large bubbles. If the upper part of ihe iron be 

too hot, it warms the surrounding water so much that 
the bubbles from below come up through it rnioondensed* 
and produce ebullition without concussion. The great 
resemblance of this tremor to the sensation which we ex- 
perience during the shock of an earthquake* has led many 
to suppose that the latter is produced iq the same way ; 
and their hypothesisi notwithstanding the objections which 
we have elsewhere stated to it, is by no means tmfeasible. 
Any obstruction on the bottom of a boiler* on the inside, 
as a piece of metal or stone introduced among the water* 
may produce a succession of smart concussions, by the 
sudden condensation of gas collected under it. 

1 1. The permanence of the boiling point is one of the 
most remai*kable of the phenomena of ebullition. When 
water has once been brought to boil in an open vessel* it 
is not possible to make the water sensibly hotter* howerer 
strongly the fire may be urged or its intensity increased. 
This circumstance is yery striking* because we know that 
heat continues to be thrown in exactly as fitst as bdPore 
the boiling point* and that in tliat case the heat rose 
rapidly* whereas now it has altogether ceased to increase* 
If a thermometer of mercury, air, oil, or metal be placed 
among the water* the temperature will constantly increase* 
and expand the matter of the thermometer* until the water 
boils ; and then, whether it boil slowly or rapidly, with a 
strong fire or a gentle one* the thermometer will continue 
to stand at the same point. This point is so well defined* 
as to furnish our standard for the comparison of tempera- 
tures* and is the same on all thermometers* being called 
the hotUng point, although it is differently numbered on 
each* being called 212^ on our common thermometer or 
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Fahrenheit's, 80^ on Reaumur's, and 100^ on the centigrade 
thermometer* 

It is also to be remarked, that the temperature of the 

steam issuing from boiling water is the same with the tem- 
perature of the water itael^ and remains eqoally umriaUe $ 
so that all the steam produced from water boiling ai 2 1 2^ 
is itself at 212^. This remark will assist us in accounting 
for the disposal of the heat whieh the fire gives out dmring 
the time of ebullition ; for it is manifest that the heat is 
all the while carried off by the large yolomes of steam, at 
a temperature of 212^, that are diffosed through the air ; 
and so it happens that an increase of heat in the hre, 
instead of increasmg the heat of the water, only increases 
the volumes of the steam thrown off, and the quantity of 
heat carried away. This view of the subject is confirmed 
by a simple experiment. Take a strong glass flask, place 
water in it, and a thermometer among the water, and let 
it be held over a lamp until the water boil, and the ther- 
mometer will be observed rising till it reach 212^, when 
the steam will begin to escape rapidly from the neck of 
the flask. Let it now be corked tightly, and the heat con 
tinually applied ; and it will be observed that the thermo- 
meter does not now stand at 212°, but rises rapidly from 
that pcnnt up to 220^ and 230% showing that the free 
escape of the steam into the open air is necessary to the 
permanence of the boiling point. If the heat be still ap- 
plied, the experiment may be rendered still more instruc- 
tive, by suddenly pulling out the cork of the flask, when 
the vapour will instantly rush out in a large volume^ and 
tiie thermometer smk down to 212^, showing that all the 
excess of heat has been carried ofif by the steam into 
the air. 
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12. We haye thus seen that a large quantity of heat 

may be given out to the particles of a certain quantity of 
water, conyerting them into stean^ and yet that the ther- 
mometer shall afford no indication of this quantity. As 
soon as water boils, the whole mass is heated up to 212°; 
and although the same heat that produced the ebuUitioii 
be still continually applied, and although we know that 
this heat must be continually entering into the water, still 
it is not detected, or in any way exhibited by the thermo-* 
meter. On this accouut, the heat given to water during 
ebullition is said to become latent^ or lie hid from the 
thermometer; and, indeed, the thermometer merely in- 
dicates the intensity of heat, the calorimeter alone can 
measure its quantity* The quantity of heat giyen out to 
water after it has begun to boil, is more than five-fold that 
which is sufficient to bring it from the freezing up to the 
boiling point ; for, if we conlinue the fire with the same 
intensity that was used in bringing it to boil, it will require 
more than five-fold that duration and quantity of fuel to 
boil all the water away, or conyert it all into steam of 212^ 
of heat. Thus the sensible heat, added from 32°, will be 
180°, and that latent in the steam is more than fiye-fiold ; 
or, in other words, the insensible caloric in steam is five- 
fold its sensible heat ; or the same quantity of matter in 
the condition of steam at 212% and of water at 21 2% will 
hold diflci ent tpuuitities of caloric, in the proportion of 
about 6 to 1. This is called the greater capcu^it^ of steam 
for caloric than of water for that substance ; and it is in 
part accounted for, by the greater distances of the par- 
ticles of the matter of steam and water from each other 
in the fonner than the latter condition ; for when the 
distances of the particles are increased 12 times, tlie 
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Spheres of caloric around each atom may be much larger, 
without increased elasticity of the calorific fluid. Dr 
Black was the discoyerer of the admirable doctrine of 

latent heat* 

' 13. Dr Dalton has thus illus- 
trated the doctrine of latent heat, 

and of the increased capacity of a 
liquid for holding caloric^ when 
it passes into the condition of ya- 
poiu:. The liquid and its vapour 
may be considered as two reser* 
voirs of calorie, capable of hold- 
ing different quantities of that 
fluid. Let figure 1 • represent to 
us such an arrangement ; the in- 
ternal cylinder of smaller capa-* 
city, the external one of enlarged 
capacity surrounding* and ex- 
tending far above it, and a small 
open tube of glass, communicating freely at the bottom with 
the internal cylinder. Let us now conceive water to be 
poured into the internal cylinder, the water will manifestly 
flow into the slender tube till it stand on the same level in 
the tube as in the cylinder. If any additional quantity he now 
poured into the internal cylinder, the rise of water in the 
slender glass tube ^\'n\ serve as an index of the quantity 
of added fluid ; and when it is filled to the top» the fluid 
will stand at the height marked 212% and will still be a 
correct index of the addition of fluid. 13ut if more water 
be now added to it^ it will not make its appearance in the 
slender tube, but will simply overflow from tlie internal 
cylinder over into that of enlarged capacity, so that, while 
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' a large quantity is passing into the vessel and graduallj 
filling it up to 212% no additional rise takes place until 
the whole of the outer cylinder become fiUed to. that 
point, after which any further addition will again become 
sensible^ by a corresponding rise in the tube. This pro- 
cess is in precise analogy to the succession of clrcumsiances 
in heating a liquid, and converting it into steam* The 
internal cylinder represents the liquid, the external one 
the vapour of greater capacity, and the slender glass tube 
at the side the thermometer placed in communication with, 
them. When heat flows into the liquid, it passes equally 
into the thermometer; and each increment of the one 
produces an equal increment in the other, until the liquid 
reaches the limit of its capacity, when it suddenly begins 
to enlarge its bulk and take the form of steam ; but the 
quantity of heat required to fill up this enlarged capacity 
is so great, as to requii e about 5^ times as much to fill it 
as was contained in the whole liquid before, so that all this 
time the thermometer is standing still, and it is not until 
the whole of the steam is thus supplied with 21 2° of caloric, 
that the thermometer will begin to show any further ele- 
yation ; aflfcer which, any increment of heat thrown into 
the steam will make its appearance on the thermometer, 
and proceed as formerly, by simultaneous increments. 

14. It appears, therefore, that the cause why water 
boiling under the open air does not reach a higher tem- 
perature than 212^, is, that the steam which is raised by 
any additional heat, carries that additional quantity of 
heat along with it into the air. But here a question 
^ occurs at once to the enquirer into these phenomena, yis. 
Why does water require to be heated up to 212° before 
it will throw off its increments of heat and vapour into the 
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air ? Why does not steam rise equally strongly from water 
at 200^ or 180® ? The categorical reply is» that the elastic 
force of the heat is not sufficient to enable the steam to 
force its way agmnst tlie pressui-e of the air until it reaches 
this point. In order to understand the means bj which 
we arriTe at this conclusion, it is necessary to know that, 
when the pressure of air on the surface of the water is 
artificially diminished, the steam does actually rise, and 
the water bubbles and boils with great violence, at tem- 
peratures far below 212°. It is only when the surface of 
the water is exposed to the full preMsure of the air in a 
common vessel that it is prevented from rising in vapour, 
at temperatures lower than the usual boiling point. If 
the surface of the hot water be protected from the pressure 
of the air, by being placed under a glass shade, and the 
air removed from the inside of it by an air-pump, the water 
may be made to 
boil at all tem- 
peratures below 
212-\ The fol- 
lowing tablecon- 
tatns the results 
of a series of ex- 
periments made, 
with great care, 
by Dr Dalton, 
towards the end 
of last century, 
in order to ascer- 
tain how much 
of the whole 
pressure of the air it was necessary to remove, in order 
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to make imter boil at a given temperatiire. In order to 

understand the way in which this table was formed, the 
reader must c<»kceiTe a Tesael of water first o£ all boiling 
at 212^ in the open air, as the yessel A in figure 2, the 
thermometer I being placed in it. After allowing the 
water to co<^ to 200% let the Tossel of water and the 
immerged thermometer be new placed on the plate stand 
P of an air-pmnp, and covered over with a strong glass 
recMver R ; and let a portion of the enclosed air be 
now withdrawn by the pump from the inside of the 
recdver by the pipe F ; and suppose that there are in all 
dO etibical inches, or other volumes, of air in the receiver 
at first ; then the water being at 200°, when about 7 
out of the 30 parts of the air have been withdrawn, 
leaving only about 23 parts out of 30 pressing on the 
water, it will be observed instantly to commence giving . 
off steam in lafdd ebullition. If next the process be 
repeated, only allowing the water to cool to 190°, the 
ebullition will not commence in this lower temperature 
till about 12 out of the 30 volumes of air have been with- 
draw n ; and if, in a third experiment, the water be cooled 
down to 180^, the elastic force communicated by this de- 
gree of heat wDl not be capaUe of overcoming the remst- 
ance arising from the pressure of the air, until one-half of 
the OTiginal pressure of 30 has been removed. To this 
process there is no limit ; for as we go on lowering the 
temperature, we can always find a point at which the water 
will boil, provided the counteracting pressure be suflBl- 
ciently diminished. The following is Dr Dcdton's table, 
containing the results of his experiments^ as given in his 
Meteonlogyi in 1793;--* 
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Heat of tlie M'at^r whenlioUing 


QntQtity of PrttMore of Air 
rwwuiniin' on um mud* 


212'' 


30-0 


200 


22-8 


190 


18-6 


180 


15-2 


170 


12*2 


160 


9-45 


150 


7-48 


140 


5-85 


130 


4-42 


120 


3-27 


110 


2-52 


100 


1-97 


90 


1-47 


1 80 


1-03 



15* In TacnQi therefore^ or under a rarefied atmosphere^ 

the hoilmg point of water is lower than 21 2*. Now, the 
barometer informs us, that the pressure of our atmosphere 
is not constantly the same ; it has normal and abnormai 

variatioii^s i it lias horary, and menstrual, and annual varia- 
tions. It frequently stands at 30 inches^ sometimes at 31 
inches ; and, on the morning of the 7th of January 183% 

it was observed at Edinburgh, by Sir John Robison, to 

be as low as 27 inches and six tenth-parts. Now^ on that 
morning, water would haye been found to boil in the open 

air at about 208^, instead of 212" ; and for every depres- 
sion of the barometer, there is a corresponding depression 
of the boiling point. This sanation of the boiling tem- 
perature with the variation of the barometer, and of the 
corresponding density of the air, is important : and the 
following short table shows the changes which take place 
within the limits of the usual variations of the weather 
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When the barometer stands at 31*d| water boils at 216*' 



31-2, 214 

30-6, -..213 

30* uiche8»...M«.M.*.212 

Wlieu the barometer falls to 29*4, 211 

28-8, 210 

28-2, 209 



And at 27-2, it would boil at 207 

But these extremes are probably greater than have ever 
been observed on the ordinary level of this country. 

16. There is yet another variation of circumstance 
which affects the point of ebullition, and that is, distance 
from the centre of the earth and height above the level of 
the sea. It is well known, that, on the summit of a nfkonn- 
tain, the pressure of the air is less than on a plain, and 
still less there than at the bottom of a pit or deep vaUey. 
It is now equally well known, that the Cciuse of this is the 
very limited height to which air in a dense state covers 
the earth, the whole atmosphere Being equivalent to not 
more than 5 miles in depth of such air as we breathe ; 
and it is hence obvious, that after a vertical ascent of a 
mile to the top of a mountain, there would be only about 
J of the atmosphere remaining above the person on its 
summit. One of the highest of the Andes has been 
ascended to such a height, that thort' remained only of 
the whole atmosphere above the observer. Now, in this 
case, the barometer, instead of being sustained at 30 
inches ; its usual height, had fallen to 13 inches, because, 
according to the constitution of the barometer, the height 
of the colmnn of mercury in it is proportional to the quantity 
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df air resting abore iu* Hence, a barometer being cairted 

up a mountain by an observer, falling as he ascentls, enables 
. him to ascertain the height of his ascent. This he does with 
perfect precision, so as to determine accurately the heightof 
any point of the mountain to which he has ascendeU, and 
where he has noticed the fall of the barometer from the 
point where it stood when at the bottom, by meana^of , an 
allowance of nearly 100 feet of height for every tenth. pai't 
of an inch that the barometer has faUen, as explained more 
folly cmder the heads Bavometcr and AxMosraERE. 

The steam of water may be reudered the means of de- 
termining the height of a mountain, on the principle of 
diminished atmospheric pressure, so as to act as a substi- 
tute for the barometer. We have just seen that water 
giyes o£P steam by ebullition, above or below the tempera- 
ture 212°, according as the pressure of the atmosphere is 
greater or less than the standard pressure which sustains 
the barometer at 30 inches. And we have already given 
a table, (Arts. 14 and 15,) showing how much the boiling 
point was raised or depressed by diminishing the pressure 
of the atmosphere. On consulting Dr Dalton's table, we 
see that, when of the air were removed, water boiled 
at so low a temperature as 180^ This, therefore, would 
show that, if water boiled on the top of any mountain at 
180% the barometer would stand thereat a height of little 
more than 16 inches ; and if at the bottom of the moun- 
tain water boiled at 212% showing the barometer to be 
then at 30 inches, a similar allowance of height being 
made, viz. about 1000 feet for each inch, or 15,000 feet, 
would be a rude approximation to the true .height. The 
table at the end of the third section, and the rules under the 

See Articles Carometj:b, Pneumaucs, and AiMOSrHBBB, 
in the Bucyclopsadia Britaimica. 
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head Baeojceter in the Encjrclopaedia Britamuca will 
enable any one who studies this subject to form rules for 
closer approximation ; but the following table will be of 
use to those who may merely wish to put it in practice* 

Rule for finding heights by boiling wa/er^Boil pure 
water in an open vessel at the bottom of the elevation, 
and observe on the thermometer the point at which it 
boils. Boil it agiun at the top of the mountain, and ob« 
serve with the thermometer the point at which it now 
boils: the difference of temperature, multiplied by 530 
feet, will give a close approximation to the height of the 
upper above the lower station* 

This will give an approximation ; but, if greater ac- 
curacy be required, it will further be necessary to correct 
for the difference of the temperature of the air at the two 
stations, in the following maimer. Add the temperatures 
of the ail* at the stations, and subtract 64 from their sum, 
multiply the remainder by one thousandth part of the 
height found ; and this will be the correction to be added 
to the height formerly found. The result thus found wiU 
still require a slight correction for the figure of the earth 
and latitude of the place ; but this does not amount to 
more in our latitude than an addition of about two feet in a 
thousand, which forms a second correction. This method 
is, however, to be regarded only as an approximation, 
for which all the corrections given under the head Babo- 
BfETEB would be necessary, in order to render it equally 
perfect with observations by that instrument. In short> 
this method may be considered as a telltale on the baro- 
meter, showing where the barometer would stand if placed 
in its position. Thus, if water boil at 200^ on the top of a 
mountain, that is merely to be considered as indicating 
that the barometer, if placed there^ would stand at 22*8; 



Digitized by 



TO BETBBMmS HEIOHT8. 



23 



after which^ the process of deducing the height remains 

the sanie. To illustrate the mode of deducing heights 
from the hoiling pointy as we have giren ity we take the 
following example. 

Water boils on the top of Ben Nevis at 203*8°, while 
at the side of the Caledonian Canal it hoils at 212% the 
temperature being 30® on the summit of the mountain, and 
35^ below. In order to determine the height* 
From 212° 

Take 203-8^ To 30*» 

i Add 35^' 

There remains 8'2» — — 
Multiply bj 530 Sum 65' 

Sttbt. 64** 

24&0 

410 Hemain 1' mult, b^ 4-346 

4346 ftrst approx. Latitude 56® nearly 

4 hrst correct. Mult. 4*350 

— by 2- 

4350 second approx. ■ 
8*7 second correct. 8*700 



Calc. height, 4358*7 third approximation. 

4358* true measured height — ^the difference being less 

than 1 fDOt. 

• This method, howeyer, is seldom susceptible of so high 
a degree of aeeuracy^ eyen with the most carefully con- 
ducted experiments. 

17* This method of determining heights by the ebulli- 
tion of water is not a recent inyention. It was suggested 
originally by^Mr Fahrenheit, in the 33d volume of the 
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Philosophical TramactwM^ in a paper entitled ^Baro^ 

metri Novi Description The subject was further matured 
by Cavailo, who has written concerning it in the 7 1st 
Tolume of the same Transactions; and the method has 
finally received from the Rev. F. J. PI. Wollaston the 
highest degree of perfection of which it seems to be 
capable. His paper, read before the Royal Society on 
the 6th of March, 1817> aud afterwards published in the 
Philosophical Transactions of that yeari gives an isusconnt 
of the yery beautiful and ingenious apparatus which he 
has contrived for facUitating the procediure of taking the 
obsevyations with the requisite precision* Fig 4 is a 
view of the whole apparatus, consisting principally of a 
tripod stand» surrounded by a sort of tent cover^ which is 
quite essential for the protection of the lamp from the 
strong winds generally encountered at considerable alti- 
tudes* The lamp acts on a small tin yessel^ which is a 
cylinder 5^ inches deep and 1^ in diameter, the sides 
of which are double, lea\ing an interstitial space of confined 
air to preyent cooling. Aboye this yessel is a circular 
plate of metal G H K, to which the thermometer is to be 
iixed ^ and the scale and neck of the thermometer are seen 
projecting aboye the stand. A (fig. 3) represents the 
thermometer made use of, which it is desirable to have 
of as strong and as compact a construction as possible, 
whiles at the same time, its degrees should range as ex- 
tensively as possible. These desiderata are attained in his 
construction. The bulb A, one inch in diameter, is blown 
thidc and strong, on the end of a tube about of an inch 
in diameter : close above the bulb, is a cavity B, swelled 
out to such a sise as to contain whateyer mercury wiU 
eiqpand out of the bulb, between 32^ and the lowest tein- 
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peratore at whioh the mercury is likely to boil at such 
altitudes as it will be used to measure. It is this whieh 

renders the instrument compact ; becauBe, if it be not 
tsken out of the British islandsi it will never, in all pro- 




babiiity» boil at less than 200""; and thus the whole length 
of the staJk is left for a range of 12' or 15^ of the ther- 
mometer. In the instrument figured^ the scale R is 5 
inches long, <^ of an inch wide, and a length of 4*15 inches 
is divided into 100 parts, which by a vernier reads off to 
1000 parts, being 241 parts to an inch ; so that 1** Fahr. 

corresponds to 233 parts on the scale, or to 530 feet* 

c 
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Each part of tlie scale, m read bj the Ternier, will there- 
fore correspond to M7S feet, being about half the degree 
of minuteness of the mountain barometer divided into 
thouBandthsy each of which is nearlj equivaleiit to one 

foot of height. The accuracy, however, of this scale is 
probably greater than the degree of accuracy of which 
the method of obsenration is itself ca{»able. 

W litLher an obserrer have or have not the means of 
obtaining such an instrument as this» it will be^ in many 
cases, usefol to travellers to be provided with means, more 
or less accurate, of making observations of this nature, on 
the summit of such mountains as they may have the oppor- 
tumty of vbiting. For this purpose, the most convenient 
is a small cooking apparatus, such as will supply the wants 
of a traveller ; consisting of a round tin stand, protecting 
a lamp, in which a small quantity of the traveller's supply 
of spirituous liquid may be burnt, so as to boil some of the 
water of a small bottle^ which he has also carried with 
him, or perhaps a little melted snow. An umbrella or 
waterproof cloak will screen the whole from the wind; 
and a thermometer should have been prcKSured, with a 
stem as minutely divided as possible, and should be insert- 
ed, by means of a small oork^ in an aperture of the lid left 
on purpose. The quantity of the water may be small, and 
it will serve a culinary purpose immediately after the oper- 
ation is completed. The thermometer should be inserted 
only among the steam. The traveller must take great 
precautions for striking a light, as he will £nd this much 
more troublesome in the cold rarefied air of a mountain 

summit than below. 

18« Distillation is a method of separating a liquid firom 
extraneous matter, by first of all converting it into steam, 
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and then condensing that steam so as to form the liquid. 
Different substances take the liquid form at Tarious tem- 
peratures ; and, therefore, the heat may be so regulated 
that onLj one substance of a mixture shall take the form 
of yapour, and being conveyed b j a pipe through a Tassel 
of cold water, or otherwise exposed to the cooling process, 
the Yapour being condensed will give the pure liquid. A 
g^eat improvement upon the process of separating liquids 
has been successfully introduced by Mr Howard. It 
consists of disHUation cr evaporation in vaeuOf and has 
been most usefully employed in the refining process of 
sugar. When sugar is dissolved in water, it requires a 
much higher temperature than 2\2f^ to boil the mixture^ 
or to convert the water into steam and separate it from 
the solid; and as the process goes on, and the solution 
comes to hold less and less water, the requisite degree of 
heat is fuither augmented, until the temperature be- 
comes so high as to injure the colour and otherwise 
deteriorate the article of merchandise in its crystallized 
state. Instead of this increased temperature^ Mr Howard 
places the syrup in vacuo, and thus boib it at a low and 
innoxious heat. This he accomplishes by pumping out 
the air and vaporized water from the close boileri by means 
of a large air-pump driven by machinery. The process 
has produced a great improYcment on this article of com- 
merce, and has remunerated its inventor with an ample 
fortune. 

Distillation in vacuo is peculiarly adapted to obtaining 
those delicate extracts and essential oils firom vegetable 

substances, which are apt to 8u£fer deterioration from the 
usual high temperatures. 
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19.* The pulse glass, an 
invention attributed to Dr 
Franklin, is an apparatus 
illustrating' beautifully the 
process of ebullition in yaxsuo 
at low temperatures. If two glass balls, A and B (fig. 5) 
be connected by a slender tube, and one of them, A, be 
filled with watery a small opening or pipe b being 
left at the top of the other, and this be made to boil, the 
vapour produced by it will drive all the air out of the 
odier^ and will at last come out itself producing steam 
at the mouth of the pipe. When the ball B is observed 
to be occupied by transparent vapour, we may conclude 
that the air. is completelj expelled. Now, shut the pipe 
by sticking it into a piece of tallow or wax, the vapour in 
B will soon condense, and there will be a vacuum. The 
flame of a lamp and blow-pipe being directed to the little 
pipe b, will immediately cause it to close and seal her- 
metically. We have now a pulse glass. Grasp the ball 
A in the hollow of the hand ; the heat of the hand will 
immediately expand the bubble of rapour which may be 
in it, and this vapour will drive the water into B, and then 
will blow up through it for a long while, keeping it in a 
state of violent ebullition, as long as there remains a drop 
or film of water in A. But care must be taken that B is 
all the while kept cold, that it may condense the vapour 
as fast as it rises through the water. Touching B with 
the handy or breathing warm on it, will immediately stop 
the ebullition. When the water in A has thus been dis- 
sipated, grasp B in the hand ; the water will be driven 
into A9 and the ebullition will take place there as it did in 
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B. Putting one of the balls into the mouth will make 
the ebullition more yiolent in the other, and the one in 
the mouth will feel very eold. This is a pretty illiutra- 
tioD of the rapid absorption of the heat by the particles 
of mter whieh are thuB conrerted into eUstie Tspour* 
We have seen thu little toy suspended by the middle of 
the tube like a balance, and thus placed in the inside 
of a window, having two holes, a, h, cut in the pane, in 
such a situation, that, when A is full of water and prepon- 
derates, £ is opposite to the hole b. Whenever the room 
became snf&cieiiUy warm, the vapour was fonned in A and 
immediately brought the water into B, which was kept 
cool by the air coming into the room through the hole b. 
By thia means B was made to preponderate in its turn, 
and A was then opposite to the hole a, and the process was 
now' repeated in the opposite direetion. This amusement 
continued as long as the room was warm enough. Instead 
of water; alcohol or ether may be substitued, and will act 
more readily* 

20. The follow- Fig. 6. 

ing experiment, 
where ebullition 
is produced by 
the application of 
cold, is instruc- 
tive. A Florence 
flask F, is about ^ 
full of water, and 
is placed over a 
lamp £ until the 
water boils ; and 
when the steam 
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has been rising for a short time violently firom tlie neck of 
the vessel, the cork S is to be applied as a stopper, and 
must fit with great accuracy. The flask thns closed b te 
be set aside for a few minutes till it have cooled consider- 
ably! and 18 then to be suddenly placed on a stand in the 
cold water W» contained in the glass reservov R* The 
ebullition in the flask wiU recommence with a degree of 
fiolence proportioned to the coldness of the water W* 

The theory of this action is simple* When the flask is 
plunged in the cold water, § of its contents are steam: 
the chill water condenses it into water, it shrinks up into 
1-1 728th part of its bulk, and would leave 1727 parts out 
of 1728 vacuous; but the warm water being now in vacuo, 
throws up in rapid ebullition (according to Art 14) co» 
pious volumes of vapour of its own temperature, which is 
again» by coming into contact with the sides of the vessel» 
and by directly giving off its heat to the water, chilled into 
water^ and so in succession all the vapour thus seut up is 
in turn reconverted into water, and the vacuum sustained^ 
until at last, the equilibrium between the temperature of 
the water, within and ai ound the flask, having been esta* 
blished, the interchange of caloric ceases ; and even novr, 
if the flask were plunged into freezing water, the ebulli- 
tion would recommence as violently as before* 

21. We have already noticed (Art. 11) the fact, that, 
when water is confined in a close vessel, and heat is ap-' 
plied to it, the water vrill not boil even at a temperature 
of 212^. If heat be continually thrown into the water in 
this state, the particles will acquire a very high tempera- 
ture ; and, at the same time, the tendency of the enclosed 
fluid to burst the vessel will become very great. The 
following experiment upon this subject is one of the most 
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interestixig and the earliest of which we are in possession* 
It was published in 1663 by the Marquis of Worcester* 

and we give it in liis own words. " I have taken a piece 

of a whole caonouy whereof the end was burst, and filled 
it three quarters full, stopping and sereinng up the 
broken end, as also the touch-hole, and making a constant 
fire under it ; within twenty-four hours it burst* and made 
a great crack/* 

It IS in virtue of the great elastic force by which water, 
irhen heated* tends to expand into 1728 times its bulk* in 
the form of steam, that this element has become a mecha- 
mcal mover* subject to the control of man. There are 
two great principles upon which such machines are con* 
structed ; tlie one commonly called high-pressure steam- 
engines* and the other low-pressure steam-engines. 

In a high-pressure steam-en^ne* the principal source 
of motion is the elastic force of steam, formed by water, 
raised to a high temperature in confined ressels* and 
tending to escape firom them with such force* as to im- 
part motion and movement to solids or fluids, ingeniously 
arranged to receive from it velocity or direction required 
for the accomplishment of some end. 

In a low-pressure steam-engine* the principal source of 
power is derived from usmg steammerely for the purpose 
of forming a vacuum. For this purpose steam is admir- 
ably calculated. It is only necessary to allow the steam 
of a liquid to enter any vessel filled with air ; and if there 
be left an aperture of escape, the steam, entering in abun- 
dance* will push the air out before it. When the air has 
whoUy escaped, it only remains necessary to close all the 
openings of the vessel, and allow it gradually to cool down, 
when the steam will be condensed* will shrivel up in the 
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fbnn of water into the 1728th part of ks tnilk^ leairing the 

other 1727 parU vacuous. The mechanical force of a 
Taoiuun on the earAfs surface is well known : it will raise 
water to a heig^ht of more than 30 feet, and support 15 
Ihs. on every s<^uare inch of surface exposed to it* What- 
ever, therefore^ the formation a vacuam on the earth's 
surface can effect, of that is the force of steam capable at 
low pressore^ scarcely exceeding the temperature of 212°' 
Hence the low-pressure cDglne is sometimes called the 
condensing engine, because it acts principally by conden- 
sation of steam to fonn a yacnum* The high pressure of 
steam, and its vacuum-fbrming power, are frequently used 
in combination. 

22* There are other profkerties of steam^ besides its 
mechanical force, that render its use of great practical 
value. Its great capacity for heat enables it to take up, 
at one tune^ and in one place, a large quantity ol heat 
which it may be employed as a vehicle to transfer, at a 
subsequent period and at a distant pointy to some other 
substance. It is thus rendered an economise, distribu* 
ter, and reservoir of heat derived from the combustion of 
fueL In this view it has great value as an agent in dis- 
tributing the heat used for warming buildings, heating 
baths, evaporating solutions, distilling^ brewing, drying, 
dyeing, and even for domestic cookery, and the means of 
extracting wholesome and nutritious food from most un- 
promising and unpalatable materials* 

In order, however, to its suocesslul application as a 
mechanical power, and its profitable use in each of the 
various functions which it is capable of peiforming, it is 
necessary to study its various phenomena in greater de- 
tail ; to obtain an intimate acquaintance with its proper- 
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ties ; to detarmme its laws in the ▼arious rebtioDS of 

space, time, and quantity; how much heat it requires, 
what fuel it consnmesy what force it ezerts, how fiist it 
will move, how it will condense, expand, and contract, and 
what relation it bears to the different fluids from which it 
maj be derived* Each of these enqiiiries» and the man- 
ner in wliicli each of these objects may be must satisfac- 
torily attained, is the subject of one or other of the 
following sections of this article. ' 

Sect. XL — £XF£]UM£liTAI. KESEAaCHES CONGEBlilMa 
THE ELASTIC FORCE OF STEAM AT BIFFESBNT TEMFEB- 

ATUBJSS* 

23. The earliest researches we have met with into the 
phenomena of steam, nndertaken with the philosophical 
purpose of obtaining" experimental data for the scientific 
inyestigation of its properties and relations^ are to be met 
with in a scarce work, printed at Basle in 176% and entitled^ 
Specimen phi/sicO'chemicum de Digestore Papin i ; PrU 
mitUu experimentarfm nowmim circa fuidonm a ca- 
lore mrrfaelkmem ei w^toream ekuHcUatem eMben$y ^e* 
Auctore Jo. Henrico ZieglerJ* His experimental boiler 
consisted of a copper vessel (%. 7) A A* silvered internally^ 
and belted externally wilih massive iron hoops BB. A strong 
framework of iron, attached to the upper hoop, gives sup- 
port to the circular cover B, (fig. 8,) in which there are an 
opening P for admitting water, another D into which an 
elaterometer is inserted^ consisting of a bottle G contain- 
ing mercoryi and a glass tube c c eased in iron, open at 
both ends, and immersed in the mercury at the bottom ; the 
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to act as a bath for the bulb of the thermometer F and its 
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protector from tlie pressure of the vapour. The method 
of Qsiog this apparatus was as 
follows. The digester being 
partly filled with water, closed 
and plaeed on the fire, the 
generation of the steam would 
raise the oil or mercur j in the 
bath £ to the temperature 
of the water and steam with- 
in, so as to give to the thermo- 
meter F an in^eation of the 
temperature ; and, at the same 
time^ the elastic force of the 
steam flowing or moving by 
would rabe it in C to a cer- 

m 

tain number of inches^ so as 

to cause the corresponding 
pressure. This apparatus is 
both appropriate and ingeni- 
ous, and indicates consider- 
able mecbanicaJ knowledge 
in its inyentor, a physician of 
Wintrethour in Switzerland. Unhappily he lived too re- 
mote from the scene of the philosophical discoveries of 
that period, to adopt the precautions necessary to give 
value to his experiments. He allowed atmospheric air to 
mingle with the steam to such an extent as greatly to 
vitiate his results. 

24. M. Betancourt visited England about the end of 
last century $ and having been employed to select ma- 
chines, models, and drawings for the Spanish government, 
made himself acquainted with the use of steam in Great 
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Britaia at that period. On his retuin, lie immediately 
undertook a series of expe- 
riments on the force of the Fig. 9« 
vapour of water, alcohol, and 
other liquids, at various 
temperatures* His appara^ 
tus is tolerably perfect ; and 
the precautions which he a« 
dopted for the remoral of at« 
mospheric air from intermix- 
ture with the Tapour, give his 




experiments considerable value and precision. Some of 

his experiments were made in vacuo i and he seems to 
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haye been one of the first philosophers who examined the 
production of Bteam at temperatures below the ordinary 
point of ebullition, under the presrare of the atmosphere. 
His experiments extend from 32® up to 279*'> being 67** 
above the ordinary boiling point. 

His apparatus (figr. 9) consisted of a spheroidal copper 
boiler about eight inches in diameter, fifteen inches 
bighy and a tenth of an inch In thickness ; a flat corer was 
soldered on the top of it, and three apertures were formed 
into which were inserted a thermometer £C| a glass tube 
D, and a plug B, for admitting water. The glass tabe 
being bent downwards at F, was recurved upwards at G, 
leaving an upright stenii ten feet highy and hermetically 
sealed at the top, so as to leave a perfect vaeuum in that 
end of the tube, over a column of mercury of about 30 
inches in the two branches of the recurvation at the bottom. 
The boiler was providod with a stop-cock by by which the 
air was extracted from the boiler previous to experiment, by 
means of an air-pump TV, cpmmunicatang with W ; and 
when this was accomplished so as to obtain a vacuum on 
both ends of the mercurial column^ the mercury stood* as 
in the figure, on nearly the same level, in both its branches. 
The fire was instantly applied, and the crackling noise 
which followed informed him that the ebullition had com- 
menced, and the steam in the boiler pressing on that end 
of the mercurial column nearest to it, raised the other in 
the vacuum a certain quantity above its outer level, indi- 
cating its elastic force, which gradually increased until it 
became at the usual heat of boiling water, equal to twenty- 
eight French inches, the mean pressure of the atmosphere. 
The following table will enable us to estimate the value 
of these experiments ; it is given in degrees of Reaumur's 
l^ermometer, of which if coincides wiih 32^ of our com- 
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mon scale, and 80^ with oar boiling point 212^ Faiuren- 

heit, each degree of Reaumur being equal to 2| of' our 
scale. The pressure is in French inches of mercury :— 



Degrees of 

SABA WUBAVAIM 


Reaumur's Scale. 


First Series of 
ObMTYatioiu* 


Second Scries of 
ObMsrvatioDL 




0* 




Inches of Mefonnr. 


320 


0-0 


0-0 


43-25 


5 


0-05 


0-02 


54-50 


10 


0-17 


0-15 


65*75 


15 


035 


0-35 


77-00 


20 


0-62 


0-65 


88-25 


25 


1-00 


1-05 


99-50 


30 


1-50 


1-52 


110-75 


35 


2-12 


2-15 


122-00 


40 


2-90 


2-92 


133-25 


45 


4-00 


3-95 


144-50 


50 


5-50 


5-35 


155-75 


55 


7-55 


7-32 


167-00 


60 


10-10 


9-95 


178-25 


65 


13-25 


13-20 


189-50 


70 


17-50 


16-90 


200-75 


75 


22-35 


21-75 


212-00 


80 


28-60 


28-00 


223*25 


85 


37-00 


36-45 


234-50 


90 


47-20 


46-40 


245*75 


95 


58-20 


57-80 


257-00 


100 


72-40 


71-80 


268-25 


105 


84-90 


86-80 


279-50 


110 


98-00 


98-00 



The slight deviation of these experiments from each 
other indicates considerable accuracy of experiment ; and 
the slight excess in the former of the two series, is attri- 
buted to the formation of a less perfect vacuum at the 
commencement of the observations, arising from the 
smaller quantity of water in the boiler wheu the experi- 
ments were made. 

It should, however, be noticed, that there is one omis- 
sion of some importance in the experiments of M« Betan- 
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court. He inserts the bare bulb of his thermometer into 
the reservoir among the water, so as to sufi'er all the 
Tariatioiis imposed on it by the yarylng elasticity of the 
steam. By following the method adopted by his prede- 
cessor, M* Zieglery of inserting a metallic tube to sustain 
the pressure of the steam, and forming it into a mercurial 
bath for containing the thermometer, and so transmitting 
the heat of the steam to it without exposure to Tariable 
pressure, a source of considerable error might hare been 
ayoided. This precaution is essential to a good set of 
experiments on steam ; for a very slight pressure, even of 
the finger, on the bulb of a thermometer, will raise it 
several degrees. 



Fig. 10. 




25. Of Britbh philoso- 
phers, Dr Robison was 
one of the first to make 
accurate and systematic 
experiments on the phe- 
nomena of the tempera- 
ture and elastic force of 
steam. They appear to 
hare been made in 1778. 

His apparatus is represented in the accompanying 
figure. 

* ABCD (fig. 10) is the section of a small 
digester made of copper. Its lid, which waa fas- 
tened to the body with screws, was pierced with 
three holes, each of which had a small pipe soldered 
into it. The first hole was furnished with a brass 
safety-valve V, nicely fitted to it by grinding. 
The area of this valve was exactly ^th of an inch. 
There rested on the stalk at ihe top of ibis valve 
the arm of a steelyard carrying a sliding weight. This 
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arm had a aeale of equal pairts, so adjuated to the weighty 

that the number on the scale corresponded to the inches of 
mercury^ whose pressure on the under surfiuse of the Talve 
is equal to that of the steelyard on its top ; so that when 
the weight was at the division 10> the pressure of the 
st^yard on the Talre was just equal to that of a column 
of mercury 10 inches high, and ^th of an inch base. 
The middle hole contained a thermometer T firmly 
fixed into it» so that no vapour could escape by its sides* 
* The ball of this thermometer was but a little way below 
the lid* The third hole received occasionally the end of 
a glass pipe SGF, whose descending leg was about 36 
inches long. When this syphon was not used, the hole 
was properly shut with a plug. 

* Tint vessel was half filled with distilled water, which 
had been purged of air by boiling. The lid was then fixed 
on, having the third hole S plugged up. A lamp b^ng 
placed tmder the vessel, the water boiled, and the steam 
issued copiously by the safety-valve. The thermometer 
stood at 213<>, and a barometer in the room at 29*9 inches. 
The weight was then put on the fifth division. The ther- 
mometer immediately began to rise ; and when it was at 
220, the steam issued by the sides of the valve. The 
weight was removed to the 10th division ; but, before the 
thermometer could be distinctly observed, the steam was 
issuing at the valve. The lamp was removed further from 
the bottom of the vessel^ that the progress of heating 
might be more moderate ; and when the steam ceased to 
issue from the valve, the thermometer was at 227. The 
weight was now shifted to 15 ; and, by gradually ap. 
proaching the lamp, the steam again issued, and the ther- 
mometer was at 232^. This mode of trial was continued 
all the way to the 75th division of the scale. The expe- 
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riments were then repeated in the eontrarj order ; that 

is, the weight being suspended at the 75th diTinon, and 
the steam issuiog strongly at the yalve, tlie lamp was 
withdrawn, and the moment [ | 

ElttttcitT. TemDeratuura. 

the steam ceased to come out, 
the thermometer was obser- 
ved* The same was done at 

the 70th, 65th diyision, &c. 
These experiments were sev- 
eral times repeated both 
ways ; and the means of all 
the results for eaeh division 
are expressed in the subjoin- 
ed table, where column Ist 
expresses the elasticit j of the 
steam, being the sum of 29-9 ; 



£u8ticuj. 


Xemperatuura« 


35 inches. 


209 • 


40 


226 


45 


232 


50 


237 


55 


242 


60 


247 


65 


251 


70 


255 


75 


259 


80 


263 


85 


267 


90 


2701 


95 


2TU 


100 


278 


105 


281 



and the division of the steelyard, column 2d, expresses 

the temperature of the steam corresponding to this elasti- 
city. 

* A very different process was necessary for ascertaining 

the elasticity of the steam in lower temperatui*es, and 
consequently under smaller pressures than that of the 
atmosphere. The glass syphon SGF was now fixed into 
its hole in the lid of the digester. The water was made 
to boil smartly for some time, and the steam issued co- 
piously both at the valve and at the siphon. The lower 
end of the syphon was now immersed into a broad saucer 
of mercury, and the lamp instantly removed, and every 
thing was allowed to grow cold. By this the steam was 
gradually condensed, and the mercury rose in the syphon, 
mthout sensibly sinking in the saucer. The valve and all 
the joints were smeared with a thick clammy cement, 
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composed of oil^ taUow» and rosiu» which effectually pre* 
yenied all iogresa of air. The weather was dear and 

frosty, and the barometer standing at 29.84, and the ther- 
mometer in the yeaael at 42^* The mercury in the 
syphon stood at 29*7> or somewhat higher, thus showing 
a very complete condensation. The whole vessel was 
smmunded with pomided ioe^ of the temperatmre 32^. 
This made no sensible change in the height of the mer- 
cury, A mark was now made at the surfeuse of the mer- 
cury. One observer was stationed at the thermometer, 
with instructions to call out as the thermometer reached 
the divisions 42, 47} 52, d7> and so on by every five de- 
grees Idll it should attain the boiling heat. Another 
observer noted the corresponding descents of the mercury 
by a scale of inches, which had its beginning placed at 
29*84 from the surface of the mercury in tlie saucer. 

* The pounded ice was now removed, and thelamp pUced 
at a considerable distance below the vessel, so as to warm 
its contents very slowly. These observations being very 
easily made, were several times repeated, and their mean 
results are set down in the followmg table: only ob- 



Temperature. 


ElaHticity. 


Temperature. 


Blasticity. 


32° 


0.0 


130° 


3.95 


40 


0.1 


140 


5.15 


50 


0.2 


150 


6.72 


60 


0^ 


160 


8.65 


70 


0.55 


170 


11.05 


80 


0.82 


180 


14.05 


90 


L18 


190 


17-85 


100 


1.61 


200 


22.62 


110 


2.25 


210 


28.65 


120 


3.00 







serve, that it was found di£Sicalt to note down the descents 

for every fifth degree, because they succeeded each other 
so fast. Every 10th was judged 8u£icient for establish- 
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ing the law of variation. The fint e<dmnn of the table 

contains tbe temperatiire, and the second the descent (in 
inches) of the mercury horn the mark 29*84. 

Fonr or five numbers at the top of the eolumn of elas- 
ticitieSy are not so accurate as the others, because the 
mereozy passed pretty quickly through these points. But 
the progress was extremely regular through the remain- 
ing points ; so that the elasticities corresponding to tem- 
peratures above 70^ may be considered aa very aecmrately 
ascertained. 

* Not being altogether satisfied with the method em- 
ployed for measmnng the elasticity in temperatures above 
that of boiling water, a better form of experiment was 
adopted. Indeed it was the want of other apparatus 
which made it necessary to employ the former. A glass 
tube was procured of the form represented in Fig. 11, 
haviiig a Httle cistern £rom the top and bottom of 
which proceeded the syphons K and MN. The cistern 
contained mercury^ and the tube MN was of a slender 
bore^ and was about six feet two inches long. The 
end K was ilrmlj fixed in the tliird hole of the lid, 
and the long 1^ of the syphon was furnished with 
a scale of indies^ and finnly fastened to anupright 



N 



Fig. 11. 



post. 

The lamp was now iq^- 
plied at such a distance 

from the vessel as to warm 
it slowly^ and make the 
water boil> the steam esca- 
pngfor some time through 
the safety-valve. A heavy 
weight was then suspended on the steelyard ; such as it 
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was known that the vessel would siqpporty and, at the same 
time, such as would not allow the steam to force the mer- 
cury out of the long tube. The thermometer began im- 
mediately to* rise» as also the mmiarj in the tube MN. 
Their correspondent stations are marked in the following 
table. 



Temperature, 


Elasticity. 


212*^ 


0.0 


220 


5.9 


230 


14^ 


240 


25.0 


250 


36.9 


260 


50.4 


270 


64.2 


260 


76.0 



This form of the experiment is much more susceptible 
of accuracy than the other, and the measures of elasticity 
are more to be depended on. In repeating the experi- . 

ment, tliey were found much more constant ; whereas, in 
the former method, di^erences occurred of two inches and 
upwards. 

* We may now connect the two sots of experiments into 



Temperatui^. 


Elastuit'. i 


'1 emperature. 






0.0 


160* 


8.65 


40 


0.1 


170 


11.05 


50 


0.2 


180 


14.05 


60 


0.35 


190 


17.85 


70 


0.55 


200 


22.62 


80 


0.82 


210 


28.65 


90 


1.18 


220 


35.8 


100 


1.6 


230 


44.5 


110 


2.25 


240 


54.9 


120 


3.0 


250 


66.8 


130 


3.95 


260 


80.3 


140 • 


5.15 


270 


94.1 


150 


6.72 


280 


105.9 



one table, by adding to the numbers in his last table the 
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constant height 29«% which was the hei^t of the mer- 
cury in the barometer during the last set of olnerra* 

tions. 

26. In the mean time, however, Mr Watt had been 

led, in the course of his invention of the steam-eng-ine, to 
make experiments on the elastic force of steam, of which 
he has giren the following account, and which was an- 
nexed bj himself to Dr Robisou's original article in the 
Encydopasdia Britannica. 

f In the winter of 1764-5, 1 made experiments at Glas* 
gow on the subject, in the course of my endeavours to 
improye the steam-engine, and as I did not then think of 
any simple method of trying the elasticities of steam at 
temperatures less than tha^ of boiling water, and had at 
hand a digester by which the elasticities at greater heats 

could be tried, I considered that, by establishing ilie ratios 
in which they proceeded, the elasticities at lower heats 
might be found nearly enough for my purpose. I there* 
fore £tted a thermometer to the digester, with its bulb in 
the inside, placed a small cistern with mercury also within 
the digester, fixed a small barometer tube with its end 
in the mercury, and left the upper end open. I then 
made the digester boil for some time, the steam issuing 
at the safety-valve, until the air contained in the digester 
was supposed to be expelled. The safety-valve being 
shut, the steam acted upon the sur&ce of the mercury in 
the cistern, and made it rise in the tube. When it reached 
to 15 inches above the surfBice of the mercury in the cis- 
tern, the heat was 236^ ; and at 30 inches aboye that 
surface, the heat was 252°. Here I was obliged to stop, 
as I had no tube longer than 34 inches, and there was no 
white glass made nearer than Newcastle-upon-Tyne. I 
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Fig. 12. 




therefore sealed the upper end of the tube hermeticaJlj 
whilst it was empty, and when it was cool immersed the 
lower end in the mercury, which now 
could only rise in the tube by compres- 
sing the air it contained. The tube was 
somewhat conical i but, by ascertaining 
how much it was so^ and making allow* 
ances accordingly, the following points 
were found, which, though not exact, were 
tolerably near for an aperpu. At 29^ 
inches (with the sealed tube) the heat 
was 252% at 75^ inches the heat was 
264% and at 110| inches 292<*. (That 
is, after making allowances for the pillar 
of mercury supported, and the pillar 
which would be necessary to compress 
the air into the space which it occupied, 
these were the results.) From these ele- 
ments I laid (io^vn a curve, in which 
the abscissae represented the tempera- 
tures, and the ordinates the pressures, 
and thereby found the law by which 
they were governed, sufficiently near 
for my then purpose. It was not till 
the years 1773-4, that I found leisure 
to make further erperiments on this sub- 
ject, of which, though I do not consider 
the results as accurate^ I shall give an account here, as 
they were in point of date prior to any others that I was 
then acquainted with. 

t A tin pan, of about five inches in diameter and four 
inches deep, had a hole made in its bottom, near one side, 
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and in this hole wai voldered a socket ■omfifwhat conicaly 

whichnearly fitted a barometer tube with whicb the experi- 
ments were to be made. This tube was about 36 inches 
longf and had a ball at one end abont 1^ inches diameter, 
the contents of which were nearly equal to those of the 
stem of the tube i some paper was iapped round the tube 
near the ball, and it was forced tight into the conical 
socket of the pan, so that the ball was within the latter, 
at soch a height that it might be immersed in water. The 
tube and pan were then inverted, and the ball was filled 
with clean mercury, and the stem with distilled water 
fresh boiled. The tabe was re-in?erted, so that the 
ball and pan were uppermost ; the lower end of the 
tube being shut by the finger, the water ascended into 
the ball, and the mercury occupied the tabe. The 
lower end of the latter being then placed in a cistern of 
mercury, and released from the finger, the mercury and 
water descended, and the ball was left partly empty : being 
agitated in this position, and let stand some time, much air 
was extricated from the water i the tube was inclined as 
much as it could be, and again inyerted, the air let out, 
and its place supplied with boiling water. It was again 
placed with the ball uppermost, the end of the tube stop- 
ped, the pan filled with hot water, which was made to 
boil by means of a lamp ; the lower end of the ball being 
placed in the dstem, and released from the finger, the 
mercury descended into the cistern, but upon the water 
in the pan being suffered to cool, partly rose again into 
the tube. Much air was thus libmted, and more was 
got rid of by agitation, in the manner of the water- 
hammer, and by leaving it standing for some time erect, 
until at labt I got it so free from air, that when I raised it 
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upright, it supported a column of mercury 34 inches high i 
and no vacuum was formed until it was violently shaken, 
when it fell down suddenly and settled at 28.75 inches, 
but upon being inclined, a speck of air always remained, 
though, when it was expanded by a pillar of mercury 27 
inches high, this speck was not lai'ger than a pin's 
head* 

f In this state, when the tube was perpendicular, I 

found the mercury to stand at 28.75 inches, the column 
of water above it was about inches, s half an inch of 
mercury. The whole then being 29.25 inches, when the 
stationary barometer stood at 29.4, the diflEerence, or 
pillar supported by the elasticity of the steam z= 0*15 
inch. The water in the pan was then heated exceedingly 
slowly by a lamp, and stirred continually by a feather to 
make the heat as equal as possible* The results are 
shown in the following table : — 



Table, No. I. 





ElaHti ci- 
ties. 


Heats. 


Elastic^ 

ties. 


Heats. 


Elastici- 
ties. 




Heits. 


Elastic!- 
ties. 




Inches. 




Inches, 




Inches. 




Inches. 




0.15 


135° 


4.53 


167° 


11.07 


187° 


17.51 


74 


0.65 


142 


5.46 


172 


1 1 .95 


189 


18,45 


81 


0.80 


148 


6.40 


175 


12.88 


191 


19.38 


95 


1.30 


153 


7.325 


177.5 


13.81 


193.5 


20.34 


104 


1.75 


157 


8.25 


180 


14.73 


196.5 


21.2&< 


118 


2.68 


161 


9.18 


182.5 


15.66 




■i ■ > 


128 


3.60 


164 


10.10 


185 


16.58 







At this time (1774) I tried a set of experiments in 
the same manner on a saturated solution of common salt. 
When this solution was perfectly saturated by boilings 
and was put into the tube^ it precipitated a qnanlity of 
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salt which disturbed the ezperiment. I was therefore 
obliged to take it out, and filter it, during which process 

it attracted moisture from tlie air, and appeared, by its 
boiling point, not to be perfectly saturated* Though it 
was more free from air than water is, yet it parted from 
what it coutaiued with great difiiculty, and would pai t 
ivith none when shaken as a water-hammer, though it 
opened in all parts of the liquor. The result of this ex-» 
periment is contained in the annexed table < 



Table, No. II. — Stationary Bar<meier, 29.5. 



Heat8. 


Flastici- 
ties. 


Heat.s 


Elastici- 
ties. 


Ue«u. 


Elastici- 
ties. 


Ueata. 


Elastici- 
ties. 




Inches. 




IncliM. 




Inches. 




InohM. 


46° 


0.01 


154° 


5.3(j 


187° 


1 2 67 


208° 


20.86 


7G 


0.36 


160 


(J.27 


193.5 


14.5 


210 


21.8 


85 


0.58 


IG5 


7.2 


195.5 


15.34 


212 


22.74 


92 


0.81 


l^>9 


8.12 


198.5 


16.25 


214 


23.66 


113 


1.72 


173 


9.03 


201. .3 


17.16 


216 


24.6 


129 


2.63 


177 


994 


203.5 


18.1 


218 


25.52 


139 


3.54 


180 


10.85 


205.5 


19 03 


220 


26.5 


147 


4.45 


183 


11.76 


207 


19.94 







In the same manner I tried a set of experiments upon 



spirit of wine, the results of which are coutumed in the 
annexed table t~ 



Tablb^No. III. 



Keats. 


Elastici- 




Elastici- 




j l!.lai>.tici- 




Eiastici • 


ties. 




ties. 


Heats. 


ties. 


Heats. 


ties. 




Inches. 




Inches. 




Inches. 




Inches. 


34° 


0.22 


120'' 


7.12 


146.5° 


15.03 


164° 


22.59 


40 


0.929 


124.5 


8.46 


148.5 


15.97-1 


166 


23.53 


67 


1.897 


128 


9.4 


151 


16,908 


167 


24.47 


84 


2.806 


1.32 


10.34 


152.5 


17.85 


168 


25.4 


95 


3.744 


135 


11.32 


155 


18.8 


169 


26.35 


103 


4.728 


139 


12.21 


157 


19.75 


171 


27.3 


110 


5.63 


141.5 


13.15 


160 


20.71 


Stat. Bar. 29.4 


114 


6.58 


144 


14.1 


162^ 


21.65 
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Upon considering the probable cause of the difference, 
especially in the lower heato^ between my experiments 
and those of Mr Southern, related in his letter annexed to 
this essay, I can only reconcile tliciu by supposing that 
the stationary barometer^ with which the comparison was 
made, had its scale placed 0.2 of an inch too low, and by 
adding that quantity to the elasticities in table ist, they 
approach nearly to Mr Southern's experiments. 

If that conjecture is adopted, the same addition wiU 
be necessary to tables 2d and 3d, as they were compared 
with the same stationary barometer. 

To determine the heats at which water boils when 
pressed by colunms of mercury above 30 inches, a tube of 
55 inches lon^ was employed : one end was put through 
a hole in the cover of a digester, and made tight by being 
lapped round with paper ; and, within the digester, the end 
of the tube was immersed in a cistern of mercury. A 
thermometer was fixed in another opening, so that the 
bulb was in the inude of the digester, and the stem and 
scale without ; and the bulb was kept half an inch from 
the cover of the digester by a wooden collar. The cover 
being fixed on tight, and the digester half filled with 
water, it was heated by means of a large lamp. 

t The air in the upper part of the digester ei|ftanding 
by heat, the column of mercury in the tube was consider- 
ably raised by that expansion before the water boiled. 
The air was let out, and the water heated to boiling ; still 
however, some air remained, for the mercury stood at 
213^^. That deduction being made, the following table 
shows the heats and oorreqponding elasticities :— • 
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ueats. 


Elasti- 
cities. 


MUMS' 


Khisti. 
cities. 






Kl.t-ti- 
citic's. 




Ela*ti. 
citice. 


213° 


30 


228° 


39 


24(1'^ 


49 


259° 


66 


215 


31 


229.5 


40 


242.5 


50 


2f]l 


68 


217 


32 


231 


41 


244.5 


52 


262.5 


70 


219 


33 


232.5 


42 


247 


54 


264.5 


72 


220.5 


34 


234 


43 


248.5 


56 


266.5 


74 


222 


35 


235 


44 


250.5 


58 


268 


76 


223.5 


36 


236.5 


45 


252.5 


60 


269.5 


78 


225 


37 


237.5 


46 


255 


62 


271 


80 




3^ 


238.5 


47 


257 


n\ 




.^2 



In making these experiments, the digester was licatcd 
very slowly, and the heat was kept stationary as much as 
was possible at each obserratioiiy so that the whole series 
occupied some hours. The degrees of elasticity were 
obserred by my Mend Dr Irvine^ whilst I observed those 
of the thermometer m all these experiments. 

With the whole of the observations, I was, after all, 
by no means satisfied, as I perceiTed there were irregu- 
larities in the results wUeh my more urgent ayocations 
did not permit me to explore the causes of and to 
eorrect. 

The matter remained in tliat state till 1796, wlien I 
requested Mr Southern to try them over again, in the 
performance of which he was assisted by' Mr William 
Cieighton. The results of these observations are con- 
tained in Mr Southern's letter to me, which follows this 
memoir ; and, from the very great care with which the 
experiments were made, the known accuracy of both Mr 
Southern and Mr Creighton, and the agreement of the 
experiments with one anoliher, I have reason to believe 
them as nearly perfect as the subject admits of. The 
method he adopted of tryuig the elasticities above the 
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temperature of boiling water by a piston, accurately fitted 
to a cylinder, is much to be preferred to that adopted by 
Dr Robison, and is more manageable under great elasti- 
cities than that of a long pillar of mercury. 

27* The reference which is here made applies to the 
following letter from Mr ^Southern to Mr Watt : * — 

Deab Silly — The experiments/of which the particular 
circumstances are hereafter related, were made in 1803, 
with the view of ascertaining chiefly the density of steam 
raised from water under different pressures above that of 
the atmosphere, an apparatus havin^'' then been made for a 
different purpose, which seemed pretty well adapted to 
this object. 

" Besides the experiments now to be related, in which 
the temperature of steam raised under high pressures was 
observed in 1803, others had been made some years before, 
in 1797 and 98, for that purpose only ; and, as they were 
made with the gpreatest circumspection^ both the manner 
of making them and their results may be here described, 
as may also the results of other experiments, made with 
equal care, to ascertain the temperature of steam raised 
under low pressures. 

The instrument used in the former was a Papin's 
digester, similar to what you had used ; the leading differ- 
eiiees being in adapting a metallic tube to it to con- 
tain the thermometer, or rather as much of it as con- 
tained mercury, in the manner mentioned in the beginning 
of tliis letter, and instead of a valve, by the load on whieli 
to measure the elasticity of the contained steam, a nicely 

■ la all these experimento Mr Southeru was assisted by Mr William 
CreigbtDli. 
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bored cylinder was applied, with a pistou fitting it, bo as 
to haye very little friction, and to the rod of this was 
applied a lever,' constructed to work on edges like those 
of a scale-beam, by winch the resistance agaiust the 
elastic force of the steam could be accurately determined ; 
and at your siig^^estion, to be assured that no inaccuracy 
had crept into the calculation by which this resistance, 
through the medium of the lever, was ascertained, an 
actual column of mercury of 30 inches high was substi- 
tuted, and the correspondence was foimd to be within 
I uo ^ ioxih, 

" The observations at each of the points of pressure noted 
were continued some minutes, the temperature at each 
being alternately raised and lowered, so as to make the 
pressure of the steam ou the under side of the pistou 
alternately too much and too little for the weight with 
which it was loaded ; and thence a mean temperature was 
adopted, the extremes of which were, as well as I now 
recollect, not more than half a degree on each side of it. 
The load on the piston, includuig its own weight, Sm., 
&c<9 was calculated to be successively just equal to 1, 2, 4, 
and 8 atmospheres of 29^ inches of mercury each, and 
the temperature of the steam was vai'ied, as above, till that 
of each point was determined ; the results were thus :— 



Atmospheres. 


Pn>-ui'(' ill 
inclieB of 
Mercury. 


Temperatures. 


1 


29.8 


212° 


2 


59.6 


250.3 


4 


119.2 


293.4 


8 


238.4 


343.() 
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The experiments for ascertaining the temperature of 
steam below the atmospheric pressure were made with an 
appiiratiiB essentially similar to that which you originally 
used, and with scrupulous care and attention : and I met 
with the same incidents as you had done ; such as, the 
production of a bubble of air whenevery after any experi- 
ment> the tube was inclined to reilll the ball ; and also the 
extraordinary suspension of a column of mercury of 35 
inches vertical height, and of 7 inches of water above 
that, although the counterpoise was only that of the at- 
mosphere, then under 30 inches. I found also that the 
tube required a considerable degree of taboring, or 
shaking, to make the column subside and leare a space in 
the ball. This phenomenon was not produced till alter 
much pains taken in inverting and re-inverting the tube 
again and agauo^ nor till it had been suffered, after these 
operations, to stand for three or four days undisturbed in 
the exhausting position, and then dischargiug the air that 
bad been accumulating in the intervaL 

** The results to be found in the table below, were de- 
duced from the obserrations as you had done^viz., by 
adding to the height of the column of mercury in the tube 
(ascertained by a gauge floating on the surface of the 
mercury in the basin), that of the water above it, or rather 
of an equiyalent column of mercury, and subtracting their 
sum from the height of the common barometer at the time. 
All these results were taken from obserrations made afiter 
the apparatus had been so perfectly cxhauaLod uf air as to 
produce the phenomenon just mentioned. 
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Elasticity. 




Irt Set. 


2d Set. 


3d Set. 


Mean. 




inoiiM* 


Inches. 




inchet. 


629 


0. 


0 42 


0.40 


0.41 


62 


0.53 


0-52 


0.52 


0.52 


72 


0.73 




0.73 


0.73 


82 


1.03 


1 02 


1.02 


1.02 


92 


1.42 


1.41 

A. HEX 


1.42 


1.42 

A * X mm 


102 


1.98 


1.92 


1.95 


1.95 


112 


2.67 


2.63 


2.66 


2.65 


122 


3.58 


.3.54 


3.58 


3.57 


132 


4.68 


4.65 


4.72 


4.68 


142 


6.05 


6.00 


6.14 


6.06 


152 


7.8fj 


7.80 


7.89 


7.85 


162 


9.98 


996 


10.04 


9.99 


172 


12.,34 


12 72 


12.67 


12.64 


182 


16.01 


15.84 


15.88 1 


15.91 



The following formula will be found to giro the elas- 
ticity belonging to a given temperature, antl vice versoy 
with a sufficient degree of accuracy for most purposes* 
within the range of the experiments, at least, from which 
they have been formed. 

Let t =: temperature, e =: elasticity, in inches of mercury $ 
T s ^+52, and E=tf— «i= 94250^000000 ; 

Then T^-i^ 

=£ 

m 

6.14 

*VEm=T 

"But as the calculation is most easily performed by 
logarithmsi let L signify the logarithm of the quanti^ to 
which it is prefixed : 

Then 5.14 L T— 10.97 427 =LE 

LE + 10.97427 , ^ 

5^4 

" The following table shows the observed elasticities, 
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those derived from calculation by the formula^ and the 
differences of the tviro, which apj)ear to me to be as small 
as can be expected, taking a general view. 



1 eiupera- 


Observeil 
ElMticities. 


Calculated 
Elasticities. 


Differeiieet. 




laohM. 


Inches. 


Indies. 






0.18 




42 




0.25 




52 




0.35 




62 


0.52 


0.50 


— 0.02 


72 


0. / 3 


0.71 


— 0 02 


82 


1.02 


1 .01 


— 0.01 


92 


1.42 


1.42 


0.00 


1 /AO 

102 


1.95 


1.96 


+ 0 01 


1 1 •! 




2.67 


+ 0.02 


122 


3.57 


358 


4-0.01 


1 32 




4 74 




142 


6.06 


6.20 


+ 0.14 


152 


7.85 


7.99 


+ 0.14 


162 


9.99 


10.19 


+ 0.20 


172 


12.64 


12.86 


+ 022 


182 


15.91 


16.08 


+0.17 


192 


• • • 


19.91 


• • * 


202 




24.45 




212 


29!80 


29.80 


'0.00 


250.3 


59.60 


59.69 


+0.09 


293.4 


119.20 


118.32 


—0.88 


343.6 


23^.40 


237.60 


—0.80 



" I believe it is now generally considered that the tem* 
pefature 212° is that of water boiling when the baro- 
meter is at 30 inches instead of 29^8 ; and if, in the above 
algebraic expressions, the following alterations be made, 
the resnlis from the formulae will correspond with the 
adjustment of that point, and fully as weU with the ex- 
periments generally. 

^ Let Ts:^+51.3 ; the index of the power and of the 
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root be 5.13, instead of 5.14 ; and ins 87344,000000. So 

the two last equations wiU be : 5.13 LT— 104^4 123= LEj 



LE+10.94123 _^ 
6.13 

" The tal)le will stand as follows, supposing the thermo- 
meter had been graduated for 212^ to correspond with 30 
inches of the barometer :— 





Observd. 


Calcul. 


JHBtr- 




Observd. 


ralcnl. 


encee. 


Temp. 


Elaiitici- 


Elastici- 


Temp. 


jbliihtici- 


Elastici- 


ties. 


Hm. 






ties. 






Inches 


Inches. 




1 


Inches. 


Inrh^s. 


Inches. 


32° 


*0A6 


0.18 


-f- 0.02. 1420 
+ 0.02 152 
0.00 162 


6.10 


(;.22 


+ 0.12 


42 


*0.2.3 


0.25 


7.90 


8.03 


+ 0.13 


52 


*0.35 


0..35 


10.05 


10.25 


+ 0.20 


62 


0.52 


0.50 


—0.02 


172 


12.72 


12.94 


+0.22 


72 


0.72 


0.71 


—0.01 


182 


16.01 


16.17 


+0.16 


82 


1.02 


1.01 


—0.01 


192 


• • • 


20 04 


. • • 


92 


1.42 


1.42 


0.00 


202 


m m m 


24.61 


... 


102 


1.96 


1.97 


+ 0.01 


212 


,30.00 


30.00 


0.00 


112 


2.G6 


2 68 


+ 0 02 


250.:i 


(iO.OO 


60.11 


+ 0.11 


122 


.3.58 


3.60 


+ 0.02 


293.4 


1 20.00 


119.17 


— 0 83 


132 


4.71 


4.76 


+ 0 05 


343.6 


240.00 


239.28 


—0.72 



I remain, with the gfreatest esteem andrespect^ 

" Dear Sir, 
Your very obedient Servant, 
''Oakm SWA JforeA 1S14." « John Southxbn. 

" To Jamts Watt, Esq., Ileathfleld.** 

28. In the Memoirs of the Moyal Academy of Berlin 
for 1782, there is an account of some experiments made 
by M. Achard on the elastic force of steam, from the 
temperature 32^ to 212^. They agree extremely well 
with those mentioned here, rarely diileriiig more than two 



* These are inserted fiom cumeroua experinicnu made by Mr 
CieightOQ* 



Digiiizea by Google 



58 



8TBAM. 



or three tenths of an inch. He also ezamined the elaati* 
city of the vapour prodaced from aleohol, and when the 
eLasticity was equal to that of the vapour of water, he 
found that the temperature was about 35^ lower. Thusy 

■ 

when the elasticity of both was measured by 28.1 inches 
of mercury, the temperature of tke watery vapour waa 
209^, and that of the spirituous vapour was 173^* When 
the elasticity was 18.5, the temperature of the water was 
and that of the alcohol 164.6o. When the elasticity 
was 11.05, the water was 166^ and the alcohol 134.4^ 
Observliin;' the diiSerence between the temperature of 
equally elastic vapours of water and alcohol not to be con- 
stant, but gradually to diminish, in M. Achard's experi- 
ments, along with the elasticity, it became interesting to 
discover whether, and at what temperature, this difiGsrence 
would vanish altoo-ether. Experiments were accordingly 
made by the writer of this article, similar to those made 
with water. They were not made with the same scrupu- 
lous care, nor repeated as they deserved, but they fur- 
nished rather an unexpected result. The following table 
will give the reader a distinct notion of them^ 



Teiiii>erature. 


1 lviaj>u».-u>. 


1 caipt-'ialure. 




32° 


0.0 


140° 


12.2 


40 


0.1 


160 


21.3 


60 


0.8 


180 


34. 


80 


1.8 


200 


52.4 


100 


3.9 


220 


78.5 


120 i 


69 


240 


115. 



29. Dr Dalton appears to have been the first to escape 
from the natural enough error of assuming that the va- 
pour of waier at 32<» would be = 0. His apparatus is 

the most simple and rehned of any that have been em- 
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ployed for temperatures below 212°, and his experiments 
are those which, to the present daj, have the greatest 
authority. Dr Dalton's first experiments were published 
in 1793> in his Meteorological Essatjs ; afterwards, when 
more extended, in the Mancheiter Memoirs^ 1602 ; then 
in the first vohnnc of his Si/stem of Cheinintnf, 1808; 
and finally in the second volume of the same work, 1827« 
The following is the account given by himself, of his 
early experiments, in the Manchester Memoirs, 

^ My method is this : I take a barometer tube AB, (Fig* 
13,) perfectly dry, and fill it with mercury just boOed, 
marking the place (30) where it is stationary ; then, having 
graduated the tube, I pour a little water or any other 
liquid, the subject of experiment, into p^g^ 
it, so. as to moisten the whole inside ; 
after this I again pour in mercury, and 
carefully inverting the tube, exclude 
all air; the barometer, by standing 
some time, exhibits a portion of water 
of ^ or i^th of an inch, W, on the top 
of the mercurial column ; because, be* 
ing lighter, it ascends by the side of the 
tube, which may now be inclined, and 
the mercury will rise to the top^ mani- 
festing a perfect vacuum from air. I 
next take a cylindrical glass tube CD, 
open at both ends, of two inches dia- 
meter and foui'teen inches in length, to each end of 
which a cork is adapted, perforated in the middle, so as to 
admit a barometer tube to be put through, and to be 
held fast by them ; the upper cork, C, is fixed two or three 
inches below the top of the tube, and is one-half cut away, 
80 as to admit water, &c., to pass by, its service being 
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Fig. 14. 



merely to keep the tube steady. Thingg being thus circuin« 

stanced ; water of any temperature may be poured into 
the wide tube, and thus made to surround the upper part 
or vacuum of the barometer, and the effect of temperature 
in the production of vapour within can be observed from 
the depression of the mercurial column at the top. In this 
way I have had water as high as 166^ surrounding the 
vacuum j but as the higher temperatures might endanger 
a glaas apparatus, instead of it I used the following :— 

Having procured a tin tube CD, four in- 
ches in diameter and two feet long, with a 
circular plate soldered to one end, having a 
round hole in tlie centre, like the tube of a 
reilectiug telescope, I got another smaller 
tube of the same length soldered into the 
larger, so as to be in the axis or centre of it ; 
the small tube was open at both ends, and on 
this construction water could be poured into 
the large vessel to fill it, while the central 
tube was exposed to its temperature. Into 
this central tube I could insert the upper 
half of a sjphon-barometer, and fix it by a 
cork, the top of the narrow tube also being 
corked — thus the eircct of any temperature 
under 212*^ could be ascertained, the depression of the 
mercurial column being known by the ascent in the exte« 
rior leg of the syphon. The force of vapour from water 
between 80^ and 212% may also be determined by means 
of an air-pump, and the result exactly agrees with those 
determined as above.'' 

Aflter repeated experiments by all those methods^ 
and a careful comparison of the results, I was enabled to 
digest the folio wing : — 
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Table of the Force of Steam from Water in the tempe* 
Tatures. from 32^ to 212° (1802.) 



Tem- 
pera- 
ture. 


Force of 
Vapour 
in inches 
of Mer- 
cury. 


Tem- 
pera- 
ture. 


l-'orce of 
Napour 
:n incites 
of Mer- 
cury. 


Teuj- 
pera- 
ture. 


I'orre ot 
\'n|H»ur 
n i 1 u '1 M*^ 
iif Mer- 
I'urv. 


Ti-in- 
pt*rft- 
ture. 


Force of 
\ upour 

111 IllCfflW 

of Mer- 
cury. 


32** 


.200 




.940 


123® 


3.59 


16«'' 


11.54 


33 


.207 


79 


.971 


124 


3.69 


169 


11.83 


34 


.214 


80 


1.00 


125 


3.79 


170 


12.13 


35 


221 


81 


1.04 


1 26 


3.89 


171 


12.43 


36 


.229 


82 


1.07 


127 


4.00 


172 


12.73 


37 


.237 


83 


1.10 


1 2S 


4.11 


173 


13.02 


38 


,245 


84 


1.14 


129 


4.22 


174 


13.32 


39 


.254 


85 


1.17 


130 


4.34 


175 


13.62 


40 


.263 


86 


1.21 


131 


4.47 


176 


13.92 


41 


.273 


87 


1.24 


132 


4.60 


177 


14.22 


42 


.283 


88 


1.28 


133 


4.73 


178 


14.52 


43 


.294 


89 


\.:yi 


1:54 


4.86 


179 


14.83 


44 


.305 


00 


1.36 


13.% 


5.00 


ISO 


1.3.15 


45 


.310 


91 


1 .40 


136 


5.14 


181 


1.'>.50 


46 


.328. 


92 


1.44 


137 


5.29 


182 


1.'>.86 


47 


.339 


93 


1.48 


138 


5.44 


183 


16.23 


48 


.351 


94 


1.53 


139 


5.59 


184 


16.61 


49 


.363 


95 


1.58 


140 


6.74 


185 


17.00 


50 


.375 


96 


1.63 


141 


5.90 


186 


17.40 


51 


.388 


97 


1.68 


142 


<».0.1 


187 


17.80 


52 


.401 


98 


1.74 


143 


6.21 


188 


18.20 


53 


.415 


99 


1.80 


144 


6.37 


189 


18.60 


54 


.429 


100 


1.86 


145 


6.53 


190 


19.00 


65 


.443 


101 


1.92 


146 


6.70 


191 


19.42 


56 


.458 


102 


1.98 


147 


6.87 


192 


19.86 


57 


.474 


103 


2.04 


148 


7.05 


193 


20.32 


58 


A\n) 


104 


2.11 


149 


7.23 


104 


20.77 




.507 


105 


2.18 


150 


7.42 


195 




GO 


.524 


106 


2.2.-^ 


I.'l 


7.61 


106 


21.68 


61 


.542 


107 


2.32 


152 


7.«i 


107 


22.13 


62 


.560 


108 


2.39 


153 


8.01 


198 


22.69 


63 


.578 


109 


2.46 


154 


8.20 


199 


23.16 


64 


.597 


110 


2.53 


155 


8.40 


200 


23.64 


65 


.016 


111 


2.60 


156 


S.60 


201 


24.12 


66 


.635 


112 


2.68 


157 


8.81 


202 


24.51 


ill 

1 


.000 


1 13 




I08 


9.02 


203 


25.10 


68 


.676 


114 


2.84 


159 


9.24 


204 


25.61 


69 


.698 


115 


2.92 


160 


9.46 


205 


26.13 


70 


.721 


116 


3.00 


161 


9.68 


206 


26.66 


71 


.745 


117 


3.08 


162 


9.91 


207 


27.20 


72 


.770 


118 


3.16 


163 


10.15 


208 


27.74 


73 


.796 


119 


3.25 


164 


10.41 


209 


28.29 


74 


.823 


120 


3.33 


165 


10.68 


210 


28.84 


iO 


.851 


121 


3.42 


166 


10.06 


211 


29.41 


76 


.880 


122 


3.50 


167 


11.25 


') \ •> 

'm i. ml 


30.00 


77 


.910 
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Fig. 15. 

I 



Dr Dalton afterwards resumed the experimental ex- 
amioatioii of this subject, and was induced to modify these 
numbers slightly, as will be seen from our final table. 

30. Passing over the experiments of Schmidt, Goldner, 
and others, as presenting no important differences from 
sume of those we have already noticed, we come to those 
of Dr Ure, published in the Pkilosophicid Tramactions 
of 1818, and made at Glasgow during 1817* The ad» 
joining figures represent his apparatus. 

Fig. 15. represents the construction used 
for temperatures under and a little above 
the boiling point. Figs. 16. and 17. are 
t)iose used for higher temperatures, the 
last being the more conyenient of the two ; 
each was suspended from a lofty window 
deling, and placed in a truly yertical posi- 
tion, by means of a plumb line. Dr Ure 
gives the ibllowiug account of his mode of 
experimenting. ** One simple principle 
pervades the whole train of experiments 
—which is, that the progressive increase 
of elastic force developed by heat from 
the liquid incumbent on the mercury at 
L is measured by the length of column 
wMch must be addedoyer L, the primitive 
level below, in order to restore the quick- 
silver to its primitive level above, at L 
These two stations or points of departure 
are nicely defined by a ring of hue pla- 
tina wire, twisted firmly round the tube* 

" At the conmiencenient of the experi- 
ment, after the liquid, well freed from air, 
has been let up, the quicksilver is made a tangent to the 
edge of the upper ring, by cautiously pouring mercury, in 
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a slender stream) into tlie open leg of tke syphon By the 
level ring below is then carefollj adjusted. 

" From the mode of conducting' my experiments, there 
remained always a quantity of liquid in contact with the 
tapour, a drcamstanee essential to aocuracy in this 
research. 

Suppose the ten^rature of the water or the oil in A 
to be 32^ Fahrenheit, as denoted by a delicate thermo- 
meter, or by the iiquefactiou of ice ; commuuicate heat to 
the cylinder A, by means of two argand flames^ playing 
gently on its shoulder at each side. When the thermo- 
meter indicates 42% modiiy the iiames, or remove them 
so as to maintain a uniform temperature for a few 
minutes. A film or line of light will now be perceived 
between the mercury and the ring at 4 is seen under 
ihe vernier of a mountain barometer, when it is raised a 
few feet oflf the ground ; were the tube at / and L, of 
equal area, or were the relation of the areas experiment- 
ally determined, then the rise of the quicksilver above L 
would be one-half, or a known snbmultiple of the total 
depression, equivalent to the additional elasticity of the 
vapour at 42° above that at 32°. Since the depressions, 
however, for 30 or 40° in this part of the scale are ex- 
ceedingly small, one-half of the quantity can scarcely be 
ascertained with suitable precision, even after taking the 
above precautions ; and besides, the other sources of error, 
or at least embarrassment, from the inequalities of the 
tube, and from the lengthening space occupied by the 
vapour, as the temperature ascends, render this method of 
reduction very ineligible. 

" By the other plan we avoid all these evils j for what- 
ever additional elasticity may be communicated to the 
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vapour above 4 be faithfully represented and mea« 

sored b j the mercurial columiiy which we must add over 
in order to overcome it and restore the quicksilver under 
4 to its zero or initial level, when the platina ring becomes 
once more a tangent to the mercury. At £, a piece of 
cork is fixed between the parallel legs of the svphou to 
sustain it, and to serve as a point bj which the whole is 
steadily suspended. For temperatures above the boiling 
point, the part of the syphon under E is evidently su- 
perfluous, merely containing in its two legs a useless 
weight of equipoised mercury. Accordingly, for high 
heats, the apparatus, Figs. 16 or 17, is employed; and the 

same method o£ proce- ^ig. 16. Fig. 17. 

dure is adopted : the ap- 
erture at O, Fig. 17> ad* 
mits the bulb of the ther* 
mometer, which rests as 
usual on ^. The recur- 
ved part of the tube is 
filled with mercury, and 
then a little liquid is 
passed through it to the 
sealed end. Heat is now 
applied by an argand 
flame to the bottom of 
C, which is filled with oil 
or water, and the tem- 
perature is kept steadily 
at 212° for some mi- 
nutes* Then a few drops 
of quicksilver may be re- 
quired to be added to D', 




till L and 1^ be in tbe same honiontal plane. The 
further conduct of the experiment differs in no respect 
firom what has been already described^^the liquid in C it 
progressively heated, and at each staofe mercury is pro- 
gressivelj added over L to restore the initial leTel or 
Tolume at ^9 by equipoising the progressiTe elasticity. The 
column above L being measured, represents the succes- 
foxm of elastic forces: when this eolunm is wished to extend 
▼ery high, the vertical tube requires to be placed for sup- 
port in the groove of a long wooden piism* 

The height of the column in some of mj experiments 
being nearly twelve feet, it became necessary to employ 
a ladder to reach its top. I found it to be convenient, in 
this ease, afber obserying that the column of Tspour had 
attained its primitive magnitude, to note down the tem- 
perature with the altitude of the column, then imme- 
diately to pour in a measured quantity of mercury nearly 
equal to three vertical inches, and to wait till the slow 
progress of the heating again brought the vapour in 
equilibrio with ihis new pressure, which at first had 
pushed the mercury within the platina ring at L When 
the lower surfiice of the mercury was again a tangent to 
this ring, the t«mperatnre and altitude were both instantly 
observed. 

^ Thiff mode of conducting the process will account for 

the experimental temperatures being very often odd and 
fractional nimibers. I present them to the public, as they 
were recorded on the instant in that particukr repetition 
of the experiment which I consider most entitled to con- 
fidence. To trim and fashion the results into an orderly 
looking series, would have been an easy task $ but, in my 
opinion; this is a species of deception very injurious to the 
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cause of science, ancL a de^ialaon from the rigid tntth of 
observation, which ought never to be made for any hypo- 
thesis: we shall aflierwards hare ample opportanities of 
exposing the fiiUacy of such premature geometrical re- 
finements. 

^ The thermometers were constructed by Creighton with 

his well-knowTi nicetv, and the divisions were read off with 
a lensy so that -^th of a degree could be disting^uished* 
Afber bestowing the utmost pains in n [)eating the experi- 
ments, during a period of nearly two months, I found that 
the only way of removing the little discrepancies which 
crept in between contii^mous measures, was to adopt the 
astronomical plan of multiplying* observations, and dedu- 
cing truth from the mean. It is essential^ to heat with 
extreme slowness and circumspection the vessels A, B, C. 
One repetition of the experiment occupies on an average 
seven hours. 

*^ The apparatus employed in obtaining these results has 
the peculiar advantage^'over aU others, that the mercurial 
column is never heated. It is the concurrent opinion of 
all chemical philosophers, that caloric travels dow^nwards 
in liquids with extreme slowness and difficulty. Indeed 
Count Rumford's experiments led him to infer, that h^t 
could not descend in fluids at all. 

It b evident that, in iny constructions, figures 15, 16 
17, only that small portion of quicksilver within the 
vessels A, B» and C, will be affected by the heat, but the 
measuring colunm is beyond the reach of its influenee." 

31. A series of experiments on high -pressure steam was 
subsequently made by Mr Philip Taylor, but he has not 
described his apparatus. A similar series was also made 
by Professor Arsberger of Vienna. As their results may 
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be useful for comparison^ we have muted them iu the table, 
page 68. 

The Elastic Force of the Vapour of Water in inckee of 
Mercurtf^ obtained Jrom Experiments bif Dr Ure. 



Temp. 


Force. 


Temp. 


Force. 


Temp. 


,. — . 


24** 


0-170 


195« 


21-100 


270"^ 


86-300 


32 


0*200 


200 


23-600 


271-2 


8H 000 


40 


0-250 


205 


25-900 


273-7 


91-200 


50 


0-360 


210 


28-880 


275 


93-480 


55 


0-416 


212 


30-000 


275-7 


94-600 


60 


0-516 


216-6 


33-400 


2/7-9 


97-800 


65 


0-630 


220 


35-540 


279.5 


101-600 


70 


0-/26 


221.6 


36-700 


280 


101-900 


75 


0-860 


225 


39 110 


281-8 


104-400 


80 


1-010 


226-3 


40-100 


283-8 


107-700 


85 


M70 


230 


43-100 


28.r2 


1 12-200 


90 


1-360 


230-5 


43-500 


287-2 


114-800 


95 


1-640 


234-5 


46-800 


289 


118-200 


100 


1 -860 


235 


47-220 


290 


120-150 


105 


2-100 


238-5 


50-300 


292-3 


123-100 


110 


2-456 


240 


51-700 


294 


1 ZO i uu 


115 


2-820 


242 


53-600 


295-6 


130-400 


120 


3-300 


245 


56-340 


295 


129-000 


125 


3-830 


245-8 


57-100 


297-1 


133-900 


130 


4-366 


248-5 


60-400 


298-8 


137-400 


135 


5-070 


250 


61-900 


300 


139-700 


140 


5-770 


251-6 


63-500 


300-6 


140-900 


145 


6-600 


254-5 


66-700 


302 


144-300 


160 


7-530 


255 


67.250 


303-8 


147-700 


155 


8-500 


257-5 


69-800 


305 


150-560 


160 


9^00 


260 


72-300 


306-8 


154-400 


165 


10*800 


260-4 


72-800 


308 


157-700 


170 


12-050 


262-8 


75-900 


310 


161-300 


175 


13-550 


264-9 


77*900 


311-4 


164-800 


180 


15- 160 

16- 900 


265 


78-040 


312 




167-000 


185 


267 


81-900 




190 


19-000 


269 


84-900 


312 


165-500 
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Steam* 
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30-0 




220 


3 1-Q 






41-5 








44*4 


940 




J) 


9-tO 












9fi0 


70-1 




270 


82-5 




274 




88-9 


280 


97-7 




290 


114-5 


fi 


293-4 


120-4 


}> 


300 


133-7 


f» 


320 


179-4 




322 




176-0 


372 




325-0 


432 


99 


620-0 



32. We now come to ihe most imposing series of expe- 
riments hitherto conducted. In 1 823, the government of 
France having resolved to legislate on the means for ob- 
taining security in the use of steam-engines, consulted the 
Academy of Sciences, upon the mode of most effectually 
promoting the public safety, without placing useless re- 
straints on commercial enterprise and manufiMSturing in- 
dustry* The examination into the state of knowledge con- 
cerning the phenomena of vapour at elevated temperatures, 
which resulted from this application, having brought the 
imperfections of thb part of science prominently into no- 
tice, the Academy were induced to undertake a long and 
laborious enquiry, not entirely free from personal danger. 
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into the law connecting temperature with the pressure of 
steam. The commission consisted of the illustrious mem- 
bers of the Academy, Baron de Prony, Arago, Girard, 
and Dulong ; and the results of their investigation, finish- 
ed in 1 829, are given in the tenth volume of the Memoirs 
of the Academy of Sciences, printed in 1831. These ex- 
periments, conducted principally by the MM. Arago and 




Dulong, were on a scale of magnitude and expense suited 
to the munificence of the French government and the re- 
sources of the Academy. The precautions adopted to en- 
sure minute accuracy, entitle them to confidence, no less 
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than the names of two philosophers, so well versed in ex- 
periments of a similar nature. They were carried as high 
as to the twenty-fourth atmosphere of pressure. 

The experiments were made in one of the courts of the 
Observatory* Fig* IS represents a section of the prin- 
cipal portions of the apparatus. The boiler a consists of 
a cylindrical body, having its axis vertical ; the two ends 
forming top and bottom are spherical segments, strongly 
riveted to the body, the whole being made of the finest 
plate iron. The material of the cylindrical part is half an 
inch thick, the top and bottom being considerably thicker. 
The aperture at the top, six inches in diameter, was closed 
by a plate of wrought iron, an inch and three-quarters 
thick, overlapping the hole about two inches all round, 
and lun iug on its lower surface a projecting ring, adapt- 
ing it to a groove on the upper side of the top of the 
boiler : between these two surfaces was interposed a thick 
ring of lead, and the cover was then strongly screwed 
down by six steel bolts, the nuts of which had head-wash- 
ers, so that, on screwing the whole together, the cover 
became hermetically dosed. This experimental boiler 
was built in a furnace of considerable size and mass, 
intended to produce a temperature of the req^uisite con- 
stancy ; a X are bars upon which the fire rests ; ^ is 
the flue leading to the chimney. 

The other parts of the apparatus comiected with the 
boiler are hh^9, lever, safety-valve^ and weights ; y y (fig. 
19) the thermometer scales; and w w reservoirs of cold 
water, for maintaining uniform temperatures on the ver- 
tical parts of the instruments. 

During the process of proving the hoiler by a hydrau- 
lic pump) the common safety-valve, when used as an in- 



ELASTIC f OBCE. 



strument for measuring with precision the pressure of the 
fluid hi the boiler, was observed to give verj erroneoiis 
indications, and the necessity of a more delicate apparatus 
was demonstrated. The hnproyed index of pressure, made 
use of in the experiments, is shown in fig. 18. For 
measuring the great pressures to be used, a tube of mer- 
cury, 80 feet high, would have been requinte ; but there 
was used, as a substitute for it, a glass tube z closed at 
the upper end, filled with dry atmospheric air, and having 
a length of only five feet seven inches, and an internal 
diameter of of an inch, and of a thickness nearly equal 
to its diameter. It was so arranged as to fuiuiisli a con- 
venient manometer, capable of giving the same indications, 
by the contraction of the contained air, as woidd have 
been given in similar circumstances, by a column of mer- 
cury of the height due to the diminished volume of the air. 
The graduation of this manometer, however, presented 
new difficulties. 




These difficulties were successfully encountered by the 
skill and ardour of the academicians. Every one knows 
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that it is impossible to obtain a glass tube of considerable 
length and magnitude which shall have a tolerably e jlin«« 
drical interior ; and that there are a number of practical 
difficulties, which render it impossible to obtain even such 
a tube as that of a common thermometery which shall pos- 
sess the luiit'ormity necessary to a good instrument. To 
make the proper allowance for this inevitable imperfecti<»i» 
the academicians easily might have adopted the same me- 
thod as that used in the case of thermometer tubes, by 
determining the yolume of successiye small portions of its 
interior ; but eyen this would have furnished a Tery partial 
remedy for the eyil, because it had not been ascertained 
that the space occupied bjthe air in the manometer would 
diminish in bulk exactly in the proportion of the increase 
of compressing force, or of the corresponding increase in 
the height of the equiyalent column of mercury. Two 
problems were therefore to be resolved at once, the elimi- 
nation of the error of the tube, and the determination oi 
the elasticity of air under high pressures. Both of them 
were satisfactorily accomplished, by the following labori- 
ous research. 

As a preliminary measure, it was resolyed to graduate 

the manometer, and determine the law of the elastic force 
of air under high pressures, by direct comparison with a 
column of mercury, from 75 to 80 feet in height. Such 
an experiment required a suitable locale and a stupendous 
apparatus. Among the buildings of the Royal College of 
Henri Quatre, there may be observed an old square tower, 
sole relic of the ancient church of Sainte Geneyieve; there 
exist stiU in the interior three vaulted floors, pierced in the 
centre, and affording the very supports that were required 
for the erection of this sti]qpendou8 mercurial gaogOb In the 
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centre of this opening there was raised a squared tree of the 
required height, and to this it was determined to attach 
the glass tube of 80 feet in height. To form a single 
glass tube of so great a length was impossible : its own 
weight, when constructed, under the pressure of the mer- 
cury, would have endang-ered its existence. The glass 
colunm was built of separate poitions, united in mastic, 
with great «are, in Tiroles of steel. Each portion of tube 
was suspended ia the air by an exact counterpoise, acting 
over pulleys fixed to the tree ; and the whole of the parts 
were so united in equilibrio, that each sustained only its 
own weight, and the pressure of the mercury due to the 
height of the superior portion of the column. A homo- 
geneous metallie scale was attached, and its divisions read 
by a vernier, as in the common barometer. 

The manometer to be graduated, and this column of 
mercury, were both coiiuected by tubes with a strong cy- 
lindrical vase holding about 100 lbs. of mercury. When 
thus placed in communication, a column of water was forced 
into the vase above the mercury by a hydi'aulic pump, and 
the pressure thus produced raised the metal with equal 
£)rce up into the glass-tube column on the one hand, and 
into the manometric tube on the other. The point to 
wUcb the air was compressed wm read «ff by a yemier. 
and tlie corresponding height of the mercury having been 
determined, it was manifest that the same degree of com- 
pression of the less instrument would ever after serve 
as the index of an equivalent column of mercury. In this 
manner the whole tube was graduated by careful experi- 
ment. The result of this graduation was satisfieictory and 
very instructive. In forming the scale of the manometer^ 
no room was left for errors of practical execution ; and the 
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comparison of the volume of the air with the height of the 
mercurial column demonstrated the diminution of the 
Tolmne of the air to be precisely in the ratio of the pres- 
Bure^ so that the law of Marriotte is rigidly correct, eyen 
when extended to the extreme case where the air is re- 
duced to less than part of its usual vuUmu'. 

This preliminary process having been successfully ter- 
minatedy the enormous column of glass was now bdd aside> 
and the manometer, w ith its reservoir of mercury, trans- 
ported to the court of the Obseryatory, for the purpose of 
being attached to the experimental boiler. Figure 18 
shows the manometer in situ. An iron tube d d\ g'^ com- 
posed of gun barrels welded together, connects the cover 
of the boiler a, with the reservoir of the manometer 
^ so as to conduct the pressure of the steam to the 
sur&coi which formerly had sustained the mercurial 
column. The vacant space above the mercui'y \vas filled 
with water, which, by condensation from a stream of water 
on the outside, was kept full to the constant height v. 
A column of water contained in the glass tube z and 
constantly replenished, preserved the column of air, and 
other parts of the a]iparatus, at a constant temperature, 
indicated by a thermometer. A tube o j9, of glass, commu- 
nicating with the reservoir of mercury above and below, 
indicates, on the scale /, wi, the variation of level arising 
firom the recession of the mercury into the manometer tube* 

To ascertainihe temperature of the water and steam of the 
boiler, it had been considered sufficient in the ruder expe- 
riments of earlier observers to insert thermometers directly 
into the boiler itself. Every one who has an acquaintance 
with these instruments knows, that any difference of pres- 
sure on the glass produces a &lse indication of the instru- 
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ments, so that even the few inclus of mercury in the in- 
strument itself when inverted, alter its indications, and a 



The Jbllowing Table con tains the results of TJiirtif of the 
most unexceptionable JSxperiments •*— 
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3. 


4. 


5. 
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1 


122-97 


123-7 


1-62916 


2-14 


max. 


1 


2 


132-58 


132-82 


2.1767 


2*87 


a 


2 


a 


132-64 


133*3 


2-1816 


2-88 


p. max. 


3 


4 


I37'70 


138-3 


2-5386 


3-348 


a 


4 


6 


149-54 


149-7 


3-4759 


4-584 


max. 


5 


6 


151-87 


151-9 


3-6868 


4*86 


a 


6 


7 


153-64 


153-7 


3-881 


5-12 


a 


1 


8 


163-00 


163-4 


4-9383 


6-51 


max. 


8 


9 


168-40 


168-5 


5-6054 


7-391 


max. 


9 


10 


169-57 


169-4 


5-7737 


7-613 


a. s. 


10 


11 


171-88 


172-34 


6-151 


8-114 


a 


n 


12 


180-71 


180-7 


7-5001 


9-893 


p. max. 


12 


13 


1 83-70 


183-7 


8-0352 


10-6 


a 


13 


14 


1 86-80 


187-1 


8-6995 


11-48 


a. s. 


14 


15 


1 88-30 


188-5 


8-840 


11-66 


max. 


15 


16 


193-70 


193-7 


9-9989 


13-19 


a 


16 


17 


198-55 
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11-019 


14-53 


a. s. 


17 


18 


202-00 


201-75 


11-862 


15-65 


a 


1 - 


19 


203-40 


204-17 


1 2-2903 


16-21 


a. s. 


19 


20 


206-17 


206-10 


12-9872 


17-13 


a 


20 


21 


206-40 


206-8 


13-061 


17.23 


ninx. 


21 


22 


207-09 


207-4 


13-1276 


17.3 


p. max. 


22 


23 


208-45 


208-9 


13-6843 


18.05 


a 


23 


24 


209-10 


209-13 


13-769 


18.16 


a 


24 


25 


210-47 


210-5 


14-0634 


18.55 


p. max. 


25 


26 


215-07 


215-3 


15-4995 


20-44 


a 


26 


27 


217-23 


217-5 


16' 1528 


21-31 


a 


■Ci 


28 


218-3 


218-4 


16-3816 


21-6 


p. max. 


28 


29 


220-4 


220-8 


17-1826 


22-66 


a 


2 


30 


223-S8 


224-15 


18-1894 


23.994 , 


max. 


30 
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slight pressure of the finger would raise it a degree s tbe 
inaccuracy of the old method, when used under a pressure 

of 70 or 80 feet of mercury, or 450 pounds on every inch 
of the immersed sur&ce of the instrument would haye been 
great. The French academicians avoided this error, by 
immersing strong iron tubes t t, (%s. 18 and 19») in the 
water and steam^ in which the thermometers^ surrounded 
by li(j[uid metal, were kept lii close coDimunication with 
the heat of the fluids, without exposure to their force. 
By adopting only very slow variations of temperature, the 
error arising from the motion of hen^t was rendered insen- 
sible. 

A table of temperatures, from 1 to 50 atmospheres, caU 

culated in coincidence with the experiments of the French 
academicians, and adapted to English measures, is given 
by us in Article 57, for the pm^pose of convenient prac-* 
tical reference. 

33. The latest series of experiments on the elastic force 
of high -pressure steam, we owe to America. At the re- 
quest of the Hon. S. D. Ingham, Secretary of the Trea-» 
sury of the United States, a committee of the Franklin 
Institute, of the State of Pennsylvania, was appointed " to 
examine into the causes of the explosions of the boilers 
used on board of steam-boats, and to devise the most ef- 
fectual means of preventing the accidents, or of diminish- 
ing the extent of their injurious effects." Among other 
subjects, such as the strength of boilers, the construction 
of safety-valves, to which we shall reler in another place, 
this committee took into consideration the elastic force of 
high-pressure steam at difierent temperatures. Funds 
were placed at their disposal by the House of Represen-< 
tatives, and the committee consisted of such a combination 
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of scientific and practical men, as to gire high anthorit j 

to their results. On the 1st rlay of November 1830) the 
subject was placed in the hands of the following gentle- 
men : — Professor Alex. Dallas Bache, Mr Benjamin 
Reeves, Mr W. H. Keating, Mr M. W. Balwin, Mr S. V. 
Berricky and Isaiah Sukens. 

We shall outer more fully on the description of their 
apparatus of experiment than we should otherwise have 
done, because we shall hare frequent reference to make to 
the whole of their experiments, not only in this article, 








1 
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but in our axticle on the Steam-Engine^ where we treat of 
ezploeions of boilers and their causes* 

The boiler used by the committee is represented in 
figi. 20t 21) 22* It is a cjltnderi twelre inches in 




internal diameter, two feet ten inches and a quarter lo 

length within, and a quarter of an inch thick, of rolled 
iron, with the ends riveted in the usual manner. Fig. 21 
is a side yiew. Figs. 20 and 22 are end views of the boiler^ 
and of the apparatus connected with it. The boiler was 
placed horizontally in a furnace, the fire surfiice extend* 
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ing about halfway round the cyliiicLer. The furnace was 
arranged for a charcoal fire, the grate bars eztenduig the 

whole length of the hoiler, aiul the fire heiiijL;' a|»|jlied 
nearlj the whole length. The draught entered bj an 
openmgy closed in the usual manner, and left the furnace 
througli a flue placed at one end and side of the boiler. 
In fig. 20, A is the ash-pit door, B the furnace door, and 
in 21 and 22, C is the fdmace chinmej. 




In order to examine, readily, the interior of the boiler 
dunng the progpress of the experiments, each end was 
(myided with a glass window (D, figs. 20 and 22). The 
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glass used was three-eighths of an inch thick. The open- 
ings in the ends, which were rectangular, were two and a 
half bj one and three quarters inches wide. 

Three gauge cocks were placed in the front end of the 
boiler ; their positions will be particularly stated hereafter ; 
they are shown in figs. 20 and 21, at a, ^> tuid c. 

To the same end^ and by the side of the gauge cocks^ 
a glass water-gauge (i*?, ^, llgs. 20 and 21) was attached^ 
a particular description of which wiU be given in the 
detail of experiments made to compare its performanee 
with that of the gauge cocks. 

To supply the boiler with water, a forcing pump ££ ' 
FG, figs. 21 and 22, was placed near the back end. This 
pump was of the ordinary construction, with a solid plunger 
and conical valves ; the diameter of the pnmp was one incb^ 
and the play of the piston one inch and three-quarters. 
• The diameter of the pipe F G, by which the water was 
conveyed from the pump to the boiler, was three-hun- 
dredths of an inch. By a coupling screw, this ])ipe could 
be connected with either of the stopcocks d fig. 22, 
in the back end of the boiler: the opening of these cocka 
was two-hundredths of an inch in diameter. 

To ascertain the clasticitv of the steam within the 
boiler, a closed steam gauge (H, figs. 21 and 22), was used> 
a particular description of the construction, &c. of which 
will be given. This instrument was placed upon the same 
stand (I, figs. 21 and 22) which supported the pump, so tliat 
the same experimenter could observe its indications and 
attend to the working of the pump. The cistern of the 
gauge was connected, by a flexible pipe f with the 
upper part of the boiler. 

The safety-valve is shown on the top of the boiler (K, fig«. 
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21), midway between the ends. The graduation of it re- 
quired much painSy and will receive a separate discussion. 

Near the safetj-yalye is represented (at L> fig. 21,) the 
fosible plate apparatus, consisting of a sliding plate of iron, 
moved hj a lever. On the oilier side of the safety-valve 
are the thermometers (M and fig. 21) plunged into 
iron tnbes to give the temperature of the steam and water 
within the boiler. Above this appears the reservoir O, 
oontaamng the water intended to maintain the scales of 
the thermometers at a constant temperature. All these 
parts require a more detailed description. 

The steam gauge consisted of a glass tube closed at the 
upper, and open at the lower end, which passed steam-^ 
tight into a reservoir for mercury : when this reservoir 
was coonected with the boiler the pressure of the steam 
raised the mercury into the gauge tube, compressing the 
air which the tube contained. The first mercurial gauge 
which was made, was broken by a sudden access of sur- 
eharged steam, in the experiments upon that subject, and 
was replaced by a second one. The method of gradua- 
tion, and in general the description of the second gauge» 
will serve also for the first ; the details only varied slightly. 

The glass gauge- tube was 2G.43 inches in length. To 
the lower end was connected an iron ferule^ terminated 
above by a projecting ring. This ring was pressed upon 
the upper end of the pipe h, by a coupling screw, which 
served to form a tight juncture between the gauge and 
the cistern. The cistern t was a cylindrical vessel of cast 
iron, having the two projecting tuhes h and A:, upon which 
serews were cut : the first of them has been alluded to as 
giving a passage to the glass tube of the gauge ; the 
second was coupled, by the pipe to the boiler* 
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The gauge-tube was not of precisely equal diameter 

throughout, and it was judged more accurate to graduate 
small portions of it into equal volumes. This was done 
bj introdttciDg equal measures of air from the point of a 
sliding- rod gas meaisure (Hare's) ; this operation was per- 
formed repeatedly, and by multiple measures, to verify 
the results, until the marks made for the equal Tolumes, 
on a paper scale attached to the tube, coincided in the 
various trials. The lengths of the spaces occupied by th^ 
equal yolumes were then carefully measured upon the 
brass scale to be used with the gauge. The slight differ- 
ences between the lengths given by adjacent parts of the 
tube, showed that it might be considered as divided into 
so many small portions of uniform diameter. The mer- 
cury rising into the g^uge tube from the cistern when 
pressure is applied, the level of the cistern is necessarily 
depressed ; the amount of the correction for this depends 
upon the relation between the areas of the cistern and 
tube, supposed uniform. The areas of the cistern were 
found to be, within the limits of its use, sensibly the same ; 
those of the tube might be so assumed for such a purpose : 
the ratio was therefore found by filling the gauge-tube 
with mercury, and pouring this into the cistern, noting the 
rise produced ; comparing this with the mean length of 
the tube^ the ratio of depression in the gauge for ele- 
vation in the tube was found to be as .01 to 1. The air 
within the tube was next carefully dried by the introduc- 
tion of a receptacle of chloride of calcium^ of the same 
leng th with the tube ; tiie air having been in contact vntii 
this substance for a su£&cient time, the receptacle was 
withdrawn through the mercury over which the drying 
had been effected ; the tube was next placed over a dish 
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of merenry, in the receiver of an air^pmnp, and the air 
withdrawn, until, on re-admitting air to the receiver, the 
mereuf^r rose in the tube above the iron ferule. 

The gauge-tube was next introduced into the cistern, 
the level of which, corresponding to the zero of the brass 
scales was then arrange and the point of the scale at 
which the mercury stood was ascertained, the barometer 
and thermometer being noted. 

It was intended in the experiments to keep the pipe 
from the gauge to the boiler cool, so that it might contain 
water, and thus give a nearly constant pressure upon the 
mercorj of the dstem, besides preventing the exposure 
of the apparatus to heat ; the height of this column, above 
the level of the cistern, was tliertfore ascertained, after 
the gauge was put in its place bj screwing the cistern t to 
the stand. 

All the elements for calculating the elasticity of the 
steam within the boiler, from the height of the mercury 
of the gauge, were thus known ; the temperature of the 

apparatus being- supposed coiistuiit. 

The elastic force of the steam within the boiler, together 
with the column of water in the steam<pipe, balances the 

elasticity of tlie coinprt'sst'd air within the gauge, togctlicr 
with the column of mercury above the level of that in the 
dstem. This level is not the original lero, but lower 
than that, by the depression produced by the rise of mer- 
cury in the gauge-tube. The depression of the mercury 
changes the level above which the pressure of the column 
of water in the steam-pipe is measured, but the change in 
the pressure, by the column of water, is altogether incon- 
nderable* The law of the elastic force of dry air, which 
has been recently shown, by Dulong and Aragu, to be 
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accurate, at pressures firom oile to fifty atmospheres, was 
made use of in determming the elasticity of the air in the 
gauge ; this elasticity is inyersely as the space occupied 
by the air. From the data already obtained, and upon 
the principles just stilted, a table was calculated, by which 
the observed heights of the gauge were conyerted into the 
corresponding pressures in inches of mercury or in at- 
mospheres. The calculations were rendered rather tedious 
by the unequal diameter of the bore of the tube^ on ac- 
count of which equal lengths did not correspond to equal 
volumes. The usual method of calculation was resorted 
to^ namely, to determine, by rigid calculation, the pres- 
sures, for points sufficiently near each other, and then to 
interpolate for intermediate heights. 

The foregoing remarks take for granted that the tem« 
perature of the air in the gauge, as well as that of the 
mercury, remains constant ; to secure this, an arrangement 
was adopted similar to that employed by Dulong and 
Arago for the same purpose. The gauge and scale were 
surrounded by a glass tube /, cemented below into 
a bras3 cap m, which had an opening in the side, 
communicating ^th a discharge pipe n, fig. 21. The 
tube Avas attached above, by an air-ti^ht juncture, to 
a tin vessel P, of considerable capacity, compared with 
the tube. Water being introduced into the glass tube 
surrounding the gauge, the flow through this tube was 
regulated by a stopcock o, placed at the end of the difi* 
charge pipe, the cbtem above being filled with water. 

To ascertain the temperature of the colunm of water 
surrounding the gauge, a thermometer fig. 22) with a 
yeiy small bulb,'wa8 attached to the scale at the middle of 
its height: by this instrument, the fiow of water through 
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the casing of the gauge was regulated so as to keep the 
temperature neai'ij coustauty and any deviations from a 
oonstaat temperature were ascertained and noted, that 
the proper correction might be applied. The correc- 
tion for tlie expansion of the air in the gauge, by a rise 
in its temperature during the progress of the experiments, 
was made according to the rules furnished hj the rate of 
expansion of the gases, as determiued hj Gay Lussac, 
extended to compressed air by the experiments of Davy. 
The correction for the changes of height of the mercurial 
column, within the range to which the tempei'ature was 
suffered to increase, could not have been appreciable if 
acting entirely, and the counteracting effect of the expan- 
sion of the glass further justified its being neglected. 
For similar reasons no reference was made to the effects 
of heat on the mercury in the cistern iy on the cistern 
itself, and on the water within the pipe conmiunicating 
with the boiler. 

In most of the researches of the committee, refinements 
in the mode of using tlie coninion ihernionieter would have 
been out of place. Results which might be obtained with 
little additional labour, and which would be interesting 
in both a practical and scientific point of view, were not 
to be neglected, and to some of them great accuracy was 
essential. In the questions of the first class, the thermo- 
meters were provided with wooden scales, and were gra« 
duated by immersion up to the point at which the scale 
commenced, the scale and upper part of the tube being 
exposed to the air : this was proper, as they were intended 
to be immersed in mercury nearly up to the scale. These 
instruments were examined afiter coming from the maker's 
hands, and the instrumental error ascertained. The tubes 
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in which the thermometers were placed, and which con- 
tained mercury, were at first placed horizontallj in one 
of the ends of the boiler : this had the advantage of ren- 
dering the tube for indicating the temperature of the 
water entirely independent of the steam, and thus any 
di£ference between the temperature of one and the other 
migh": be more elFoctually ascertained, tlian when the tube 
giving the temperature of the water passed through the 
steam. The position of these instruments interfered so 
much with other parts of the apparatus, and so much in- 
convenience and danger of error was experienced from 
the separation of the column of mercury in the thermo- 
meter, that these tubes were not used after the first weeks 
of experiment, and two vertical tubes, placed as already 
shown, were substituted for them. 

The thermometers used, when the relation between the 
temperature of the steam and water, and the elasticity of 
the steam were to be observed in conjunction with some 
of the subjects more directly imder the cognisance of the 
committee^ had much pains bestowed upon them. 

The scales (M and N) were metallic, and surrounded 
by glass tubes, fitting into a cup through the bottom 
of which the stem of the thermometer passed watertight ; 
a pipe V c, fig. 20, from the side of each cup^ and pro- 
vided with a stopcock (/, regidated the flow of water 
through the enveloping tubes : a tight connexion above 
with a reservoir (O) served, as in the case of the 
gauge, to supply the tubes with water. Small thermo* 
meters on the back of the scale of the large ones, 
showed the temperature of the water which surrounded 
them. The enveloping tubes being filled with water 
at 60% the position of the boiling point of water and 
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of the fasing point of tin, were used to yerif j the accu- 
racy of graduation. The latter pointy which ig high 
upon the scale of the thermometer, having heen very 
accurately determined, and heing easily and with certainty 
ascertainable, serves as an excellent check upon the gra- 
duation. The greatest error withiu the limits just stated, 
was in one instrument, three-fourths of a degree, and in the 
other one degree of Fahrenheit. The scales were gra- 
duated from two to two degi'ees, one quarter of a degree 
being readily estimated upon them. The corrections 
required by this examination were made through the 
medium of a table prepared for the purpose. In order to 
call the attention to the temperature of the water sur- 
rounding the scales, this temperature was recorded from 
time to lime, when the height of the thermomt ters was 
observed. At no time did the rise of temperature, per- 
^ mitted in the water, make it necessary to apply a cor- 
rection for the expansion of the scale. None was required 
for the cooling efl'ect of the water around the stem upon 
the mercury, owii^ to the method <^ yerifying the scale* 

The other parts of the apparatus, less general in their 
use, as the water-gauge, safety-yalve, fusible plate appa- 
ratus, 8^c^ will be more conyeniently described in con- 
nexion with the experiments for which they were devised. 
.. 34. With this apparatus, and these precautions, a series 
of experiments were made, the results of which are con- 
tained in the following tables t~ 

The Table, No. 1, contains the temperature observed by 
the thermometer in the water, corrected for the error of the 
graduation ; the temperature of ibe scale of the thermo- 
meter, with a view to show that it was not allowed to vary 
too considerably ; the obserred height of the mercury in 
the gauge, reduced to its mean h^ght ; the temperature 
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of the air in the gauge ; its volume at the observed tem- 
perature ; the volume reduced to 48®, the temperature of 
graduation of the gauge at which the column of mercury 
equivalent to an atmosphere, is very nearly 30 inches ; 
the elasticity of the compressed air, in inches of mercury ; 
the correction in the height of the column of mercory, 
for the depression produced in the cistern below; the 
height thus corrected ; the height, after subtracting the 
sensibly constant number for the column of water be- 
tween the level of the steam-pipe from the boiler and the 
cistern of the gauge ; the total elasticity in inches of 
mercury ; the elasticity in atmospheres* The first line of 
numbers in the table is merely introduced for the conve- 
nience of presenting certain data required for subsequent 
calculation; it gives the height of the mereuiy in the 
gauge before beg^inning the observation8> aUfcer correct* 
ing for the height of the barometer. 

A curve traced to represent these observations, the 
ordinates representing the pressures, and the abscissse the 
temperatures, is quite regular, until the temperature cor- 
responding to eight atmospheres is attained, when it rises 
abruptly. This fact was explained, by examining the 
gauge ; it was found that the cement used in attaching 
the glass tube to its ferule had become softened, and had 
permitted the tube to rise* This defect was remedied 
and its recurrence prevented. It was then determined to 
repeat the entire series of observations, and to carry them 
as high as could be done, with reasonable convenience, 
aiming particularly to embrace the range of working 
pressures of the American engines. 

The results are contained in the following table, in 
which the observed data, and calculated numbeis, are 
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arranged as in Table No. I. This table extends ta 9-9 

atmospheres, and to the temperature of 352° Fahrenheit. 

Care was taken that the elasticities were increased not 
too rapidly, and the last numbers obtained were verified 
hj keeping the temperature sensibly constant for a con- 
siderable time. 

There is one bbserrationy namely, that at 329f % which 
is certainly recorded erroneously ; but omitting this one, 
the rest which are given, present a very tolerable regu- 
larity in the curve traced to represent them. For the 
sake of adding to the force of these results, the scattered 
observations of temperatures and pressures inddentaily 
made during the other experiments of the committee^ are 
brought together in the annexed table. No. III. 

A column is added to that table^ to show the number 
of observations employed in obtaining the results. 

Table No. III. enables us to go as low as 1.43 atmo- 
spheres, and is strikingly accordant with the two others as 
far as they extend in common. 

A curve which would be traced by the following table, 
which may be considered to represent the mean of the 
foregoing, would differ little more than one-tenth of an 
atmosphere in any part of the range from the observa- 
tions, omitting one noticed in the first, and another no- 
ticed in the second table ; the pressures in general differ- 
in^*" less than one-tenth of an atmosphere from the observed 
pressures. 

To compare our results with those given by the 

committee of the French Academy, we liave traced a 
curve, from the following table, and another from those of 
the thirty observations, selected by the committee of the 

Academy, from their experiments which are below ten 
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Atmofpheref* The corre of our obsemtions. paHset at low 

pressures neai-er to the axis than that of the French 
eiperiiiieiitera, and afier coinciduig at the medium pret* 
tares of the table, crosses the latter, differing at 10 at- 
mospheres o degrees, or at 352^ degrees .65 of an atmos- 
phere. 



Table of the Elastic Force of Steam from One to Ten 

Atmosphere** 



Pros- 
sure. 


Ob- 
Toop. 


Pr.s- 
tiure> 


Ol). 

T«inp. 


•served 
jXemp, 


Pros- 
isur«. 


Ob- 
servit 
Temp 


Pres- 
sure. 


Ob- 
>t'rv» d 
Temp. 


Atmo. 


Fah.* 


Atmo. 


Fail.- 


Atmu. ■ FmU.' 


Atini', 




A lino. 




1 

H 

2 

24 


212 

235 
250 

264 


3 

3J 
4 

41 


275 

284 
29 H 
2981 


5 1304^ 

54 310 

6 I3151 

61 321^ 
^ 1 


7 

* 2 

8 

81 


326 
331 
336 
34()| 


9 

01 
10 


345 

349 
352| 



The difference here noticed is too considerable to be 

admitted as within the limits of errors in tlie apparatus 
or in observation. Haying an authority of so much weight 
against them, the committee have beoi driyen to examine 
their results very closely. Tlie care employed in the 
graduation of the gauge seems to exclude the idea of 
error from it ; the upper portion of the scale was divided 
to .05 of an inch, and could easilv be read to half of that 
distance, making about .1 of an atmosphere at the highest 
pressure attained. A specific correction for capillarity 
was ascertained and employed. In one point of manipu- 
lation, namely, the method employed to dry the air, the 
committee differed from what was usual, and though 
they think diere is reason to confide in that method. 
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they baye examined what e£fect would be produced if 

air were saturated with moisture. Recent experiments 
on the passage of gases, out and into vessels plaeed over 
mercury, and observations connected with them, warrant, 
moreover, a suspiciun, that dry air standing in a glass 
vessel over mercury, the surface of which is covered 
by water, may become impregnated with vapour. The 
effect of such a source uf error they have calculated iu 
the highest and lowest results of Table No. 11. and End it 
to be as follows i-^ 

tor 2 iS^° the tcnsiou of the vapour is 1.96 instead of L97, 

and 352 9-78 ... 9.91. 

Differing from the numbers given in Table No. IL by 
.01 and .13 of an atmosphere. 

This supposition is thus shown to be inadequate to 
explain the discordance, and must, in fact, be deemed, to 
a certain extent, gpratuitous. 

The committee have next compared the results fur- 
nished by the safety-valves graduated independently of the 
gauge, and these, as has already been shown, gave calcu- 
lated pressures four per cent and ten per cent higher 
than the pressures indicated by the gauge. From these 
independent experimental data, ilien, we have an evidence 
that our results are probably not too high. 

Sect. m. — on the mathematical law which con- 
nects THE ELASTIC FORCE OF VAFOU& WITH ITS 
TBlfPBBATITBE. 

* 36* An inference which may be drawn &om all these 
experiments is, that Nature seems to aflfect a certain law 

in the dilatation of aeriform fluids by heat« They seem to 
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lie dStttable nearly in the proportion of their ])re8ent dihi- 
tatioii* For, if we suppose the vapours to resemble air 
in having their elasticitj in anj giren temperature pro- 
portional to their density, we must suppose that if steam 

of the ehisticitj 60, that is, under a pressure of GO inches 
of mercuiji were subjected to a pressure of 30 inches, 
it would expand into twice its present bulk« The aug- 
mentation of elasticity, therefore, is tla* nRUsure of the 
bulk into which it would expand, in order to acquire its 
£>rmer elasticitj. Taking the increase of elasticity, 
as a measure of the bulk into which it would ex- 
pand under one constant pressure^ we see that equal 
increments of temperature produce nearly equal multi* 
plications of bulk. Thus, if a certain diminution of 
temperature dimiuishes the bulk of steam another equal 
diminution will yery nearly diminish this new bulk 
Thus, in our experiments (Art. 25), the temperatures 
being in arithmetical progression^ having equal differ" 
eneeSf we eee thai Hie corresponding elaeticitiee are ver^ 
nearly in the continued proportion of 1 to 2, thus : 
Temperatures 110** 140^ 170^ 200° 230° 

^SXkiisf 1 ^-^^ 5.15 11.05 22.G2 44.7. 

Now, although extreme temperatures differ consider-' 
ably from this law, still we see that there is a consider- 
able approximation to it $ and it will frequently assist us, 
to recollect that within these limits an increase of 30^ of 
temperature nearly doubles the elasticity and bulk of 
watery Tapour* 

This law obtains exactly in air and other gases, all of 
which are subject to the Boolean law, or law of Marriotte, 
as it is ealledy and have their elasticity proportional to 
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their lidk inversely. If the hulk were always augmented 

in the same prupurtlon by equal augmentations of tem- 
perature, the elasticities would be accurately represented 
by the ordinates of a logarithmic curvei of which the tern- 
peratures are the corresponding abscissae ; and we might 
coutriTe such a scale for our thermometer^ that the tem- 
peratures would be the common logarithms of the elasti- 
cities, or of the bulks ha>'ing equal elasticity ; or, with 
our present scale, we may hud such a multiplier for 
the number i degrees of our thermometer (above the 
temperature where the elasticity is equal to unity), that 
this multiple shall be the common logarithm of the elas- 
ticity F ; so that 

Log. F ^ m t A. 

36. As Dr Dalton was one of the earliest to investigate 
the properties of steam by well-eontriyed eaqperiment, 
he has likewise been the most successful in obtaining pro- 
found and accurate views of those general relations which 
connect this with co-ordinate branches of physical koow- 
ledge. His experimental researches have been the model 
of imitation to all subsequent investigators. His appara- 
tus was simple, his artifices were highly refined, and his 
processes elegant and precise; and, consequently, the 
results of his labour were immediately transferred to the 
works. of highest philosophical character on the Con- 
tinent and at home, and became part of the staple of 
accurate science. But his philosophical views were not 
SO readily and widely received, and the fault lay, in part, 
with their author himself. He had overreached the ex- 
isting condition of the other branches of contemporaneous 
science ; and in taking for granted the accuracy of the 
existing state of knowledge, he proceeded to raise a theo- 
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retical stractnre on ground not yet sufficiently ascertained 

and determined. The result has been, us might have been 
anticipated, that now, when the progress of accurate 
knowledge has altered the conditions on which his s jstem 
was based, his theory, becoming inapplicable to the facts, 
has been thrown aside^ and^ instead of having been modi- 
fied, as it ought to hare been, in conformity with the ad- 
yancement of science, it has been hastily abandoned or 
undeservedly neglected. 

From an extensiye and laborious review of all that has 
mnce been added to the stores of our experimental facts on 
the properties of vapour, we have been conducted to this 
conclusion, that of all the yiews that have been taken of 
the constitution and laws €ji vapour> Dr Dalton's are those 
from which we may gain the clearest and most adequate 
conceptions ; and therefore we have undertaken the task 
of reviewing the subject, and of making those changes 
and modiii cations which are now required to represent 
with fidelity and precision the advanced state of our know- 
ledge. 

If we examine any series of even the earlier experiments 
on the vapour of water (such as those in Art. 27)9 we 
cannot hXL to recognise a certain degree of regularity in 
the progress of the increasing force of the vapour as the 
tenqperatore is successively augmented. At the temper- 
ature of freesing water, the force of its vapour being 
taken at two-tenths of an inch, we see that it becomes 
more than doubled by raising the temperature 22^° : this 
again is rather more than doMed at 22^^ of additional 
heat ; and this is again exactly doubled by a third addition 
of 22^^. But another addition of 22^"^ of heat scarcely 

doubles ihe pressure ; and 22|^ more ML still forther 

I 
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short of prodaeing that effect ; so that, while the inflreaae 
of the force of the steam takes place rapidly, widi equal 
additions of heat, the rapidity of the increase does not 
mamtain a constant proportion, hut slowly diminishes as 
the tranperature ascends. This will be plainer in the fol- 
lowing table ;— 



Temperature 
offheVapour* 


I Pressure on 
Msrcury* 


Proportion of 
Increaae. 


Decrease of 
Proportion. 


32* 
544 
1? 
99i 

122 

1444 

167 

189i 

212 


0-200 1 
0-446 J 
0*910 
1*820 

3-500 
6-450 
11-250 
18-800 
30-000 


2 + ,Vo 1 

nf 

100 
9 JL6_ 
* 10 0 

^ — loo 
9 J13^ 

^ 10 0 


8* 

9- 
8* 
8- 

9- 
8- 
8* 



From tliis simple collocation of results, a principle of 
progression is manifested* The number of degrees in the 

first coluniii increases at eacli step by 22-2- degrees, and the 
number iu the second column on the same line is nearly 
doubled every step* At first, as the third column shows, 
it is more than doubled by ^"^y, next time it is more than 
doubled by and next it is doubled exactly ; after this, 
however, it fidls short of being doubled, next time by 
twice that quantity, and so on, till, we find at last that it 
falls short of doubling every time by about 8 or 9 hun- 
dredths for every 11| degrees* Although, therefore, we 
may at first be disappointed in finding that the reduplica- 
tion does not proceed with the regularity of a law of na- 
ture, still it is satisfiM^ry to know ihat the deviation from 
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this progression is itself the subject of a tolerably simple 
]aW) so as to enable us to predict, with some measui'e of 
necmcjy what would take place if we were to add another 
increment of 22^ degrees. We should then diminish the 

number in the third column by yjj jj, and by doubling the 
pressure, and having regard to this diminution from the 
preceding numbers, 2 — we should have at 

234i« 45.00 2.—^ —9 
And again at 

267 63.90 —8 

It was in this way that Dr Dalton examined his expe- 
riments, and proceeded to form his tables, so as to include 
not only tibose points which he had already examined hy 
experiment, but to fill up the vacancies, and extend them 
beyond the range which his actual observation had reach- 
ed. He thus completed the table which we hare already 
g-iveii. i Lis was much mure accurate tluiii any previous 
table, and, being more extensive, formed a valuable addi- 
tion to our knowledge* 

This simple method of interpolation by which Dr 
Dalton constructed his table, although it suited perfectly 
the limited object which he at that time had in view, and 
coincided with the limited range of bis observations, was 
not of a su£Qicieutly general description to stretch fax be- 
yond that sphere. It is obvious, that if his progression 
were continued much further, it would come to an end of 
itself ; because the constant diminution of the proportion 
in the third column would bring it down to nothing, and 
so the march of the method would close and retrograde, 
and would thus bring the method of the formation into 
Opposition with the march of the fact, for the force of the 
yapour continues to increase. Dr Dalton was himself 
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the first to recognise the limited apfdicability o£ his method 

of interpolation to wide ranges of temperature ; and, ac- 
qordingljTi in his lectures on heat, delivered at Edinburgh 
and Glasgow in 1 SOT* and in his New System of Chemistry ^ 
published in 1 808, he developed those larger and more ma- 
tured views which had grown up in his mind during a 
longer and more thorough investigation of the subject. 

It does not belong to this article to consider the nature, 
and decide ou the merits of Dr Dalton*8 theory of 
temperature; nor b a perfect acquaintance with that 
theory of any further use in understanding his views of 
the constitution of vapour, than to enable^ us to perceive 
kow he was led from the former to the latter. For the 
validity of his views regarding steam, it is indeed of no 
consequence whether the theory of temperature &om 
which it was originally deduced^ be true or erroneous. 
The general laws which he has determined for elastic 
vapours^ form the well-settled foundation on which any 
theory of temperature^ true or false, must in some measure 
ultimately rest. 

The only circumstances in regard to temperature which 
it is proper to keep in view, are these : that the present 
thermometer used to indicate temperature is not to be 
regarded as an exact measure of the quantity of heat pro- 
ducing that temperature. This is shown from the cir- 
cumstance^ that the same quantity of fuel which heats 
water 10° from 180° to 190^ will not heat it from 80« to 
an equal interval. From considerations of this nature 
it was evident that ihe divisions of the common scale were 
too large near the bottom, and too small in the higher 
portions ; and Dr Dalton evinced this difference to be so 
greati that 72® of tho common scale below the freeiing 
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point of water down to the freezing point of merciii'v, 
were to be reckoned as equivalent to as many as 207** of 
Dalton's scale. Proceeding on tliis view, it was necessur) 
to find the ratio of these two series of indications^ the 
indications of Dalton's and of Fahrenheit's scale ; and he 
aeoordinglj found that the progression of Fahrenheit's 
scale was in a higli geometrical proportion to the incre- 
ments of true temperature of the new one. On this prin* 
ciple he proceeded to construct his new scale of tempera* 
ture, of which the fullowiiig is a specimen 



FUmnbtit'i Sod*. Dilton*k 8oil«. 

— 40° (Freezing point of Mercury), — 175° 

32 (Freesing point of water), 4. 32 

110 (Middle of scale), 122 

212 (Boiling point of water), 212 

296 272 

342.7 302 

409.8 342 

620.3 402 

600.7 422 



By this new scale of temperature it was found that 
uukny of the apparent anomalies in the effects of heat were 
resolvedy and the complex relations of its j^enomena ren- 
dered yery simple. Amongst others, the most important 
were the phenomena of vapours, as it was found that, on 
the new scale of temperature^ the elastic force of dif 
frnnt yapours increased almost exactly in a uniform 
ratio to equal increments of heat. 

But the further progress of experimental science. |oon 
raised up serious grounds of ohjectic^^o this yiew. It 
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was found that Dr Dalton had rated the inaieciiraeies of 

the present scale somewhat too high. His results were 
thus rendered inapplicable to the advanced state of some 
branches of thermal science ; and his theory, instead of 
being modified and improved, was first hastily discredited 
and then sommarilj dismissed. Unable to fdlow the 
theory to its whole extent, it was abandoned eyen when 
it had furuished a safe guide thoroughly to explicate the 
intricacies of obscure truth* 

It is now, therelbre, necessary to examine the views of 
those who have endeavoured to form adequate represen* 
tations of the mathematical law which connects the elas* 
tic force of vapour with its temperature. We shall first 
of all examine the methods and views which they have 
adopted) and then consider whether there may not be 
deduced from the clear theoretical views of Dr Dalton> 
tested and modified by the results of modern experiment, 
mathematical expressions of a character, at once less em- 
pirical, and more dosely in accordance with observed 
phenomena. 

37* M. de Prony was the first to represent, by a purely 
emprical formula, the law which governs the rdation 

between the temperature and tbe elasticity of a qui on s 
vapour. It was derived by him, in 1796, from the ezpe- 
rnnents of M. de Betancourt, and constructed according 
to a method of interpolation, which he afterwards pre- 
sented to the Academy of Sciences, and which they have 
placed among the M^maires des Savons Etrangers* 
The Formula which he has thus obtained is 

being the height of the mercurial column of pressure, 
ur the temperature. 
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e the base of the common log. 
M an empirical co-effioient^ 



= 10. 

=s 0X)68831 
= 0.019438 

= 0.013490 
= 00)58576 
a 0.049157 

= 4.686080 
= 34^32560 



The same formula holds in the case of alcoholic vapour, 
the numerical co>eificients being changed, and a constant 
qoaatily As: 1*126447 subtracted from the result* 

^=2 —0.04853, A=0.02393, a-=0.0467, p=2.6024y 
— 0.63414, V=00)9653,r'=0w0294»f '=1.64909 

This formula was afterwards improved bj its author, 
and presented in the following more elegant and con- 
Tenient shape. 

^=/» f +/* r» B. 



If » 



m m 



Where z is the mercurial column of pressure, x the tem* 
perature centigrade, and ft^ fA^^ f,, equidistant 

constants derived from experiment. — Fur water, these 
values are 



f«= —0.0000000196 
+0.023403 
—0.023403 



= 1.136006 



f= 1.038037 



p=: 1.022490 
m 



and hence he has formed the numbers which we have 
nnited in a sabsequent table. 
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4 

M. d0 Fron/s foniiiila for tin vaponr of alcohol is-^ 

px+i«* p'+^ p'+f*; 

eoBstanto being 



^—0.000058 




^ +0.024669 




^= +0.005677 

m 








=r_0X>3028S 





sO.836030 



These numbers refer to the centigrade thermometer^ 
and to an atmosphere of 0.7577 metres in height. 

These formulae indicate some singular phenomena at 
high temperatures, which have not been observed in re-* 
cent experiments, and may therefore be deemed anomaliea 
of the formulas themselves rather than the legitimate re- 
sults of the experiments they were intended to represent. 
The formulsB are^ besides, much too operose to be useful. 

38. The experiments of Dr Dalton are adopted by La- 
place in the foui^th volume of the Mechanique Celeste, 
where we find him applying them to the calculation of 
the influence of the aqueous vapour of the atmosphere 
upon astrononiical refractions. As an empirical formula 
agreeing sufficiently with Dr Dalton's experiments, he 
adopted the following approximation - 

y^:5j0t. ^10)11.0.0164647— 1^0.0000696626 C. 

/ being the force at any temperature n of the centesimal 
scale, reckoned from the point of ebullition, and p the 
pressure of the atmosphere =0«76 metres ; or that we have 
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only to add to the lug. of U.T6 tbe quantity ^^ .0.01515 17 
— .0.0000625 82G and we have the log. of the common 
tabular logarithm of the corresponding elasticity at n cen- 
tesimal degrees of temperature. — Meclu Cel. iv. 273. 

These numbers agree very well with the observ ations 
' they were intended to represent^ firomO^ to 100^ centigrade^ 
but are found inaccurate above and below these points. 

39- M. Biot, adopting still the methods and experiments 
of Dr Dalton, foond it necessary to modify the formula in 
order to obtain a closer approximation to troth. Using 
the notation in which we have expressed Dr Daituu's 
method of calculation, Biot considers ' 

as a first approximation ; of which the logarithmic form is 

Log.>;=: log. 30. + n log. a ; 
which would always give the logarithm of the elastic 
force, provided the ratio were accurately constant j but, as 
it is variable in Dr Dalton's obsenred numbers, it would 
be convenient to represent the variation of the logarithm 
of the elastic force thus : — 

Log. jfj^ = log. 30. 4- « n 4- ^ y &c* 
m, $y y, being constants derived firom experiments thus— 
and setting out from 1 00° cent, as the zero — 

If ft =s 0° the number given by exp. is Fq s 30. in. 

n = 25 F^js 11.250 

»=:50 "^50= 3.500 

11 = 76 Fy5=: 0.910 

By substituting successively these values in the formula, 
we get 

— 0.4269687 = 26« 4* 626/3 + 16626.y. 

— 0.9330519 = 50» + 2500^ + 125000.y. 

— 10.6180799 = 76» + M26^ + 4.21875.y. 
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From these three equations we can readily obtain the 
three values wanted of «c, $, and y, and which we find to be 

« = — 0.01637419550 

)8 = — 0.00006742735 

y = + 0.00000003381 

and henee ihe whole equation 

Log. 30. /„ = log. 30. + *fi + /5 n* 4- y «» 

is now determined in English inches for the centigrade 

tbennometer ; and m order to compare it with the Frencb 

observationBy it is only necessary to remember that 

30. in. = 0.7679 French metres, and to transform it thus : 

Log. Fii^log. 0n.76199--O.OO112919057^O.O1637278767...N. 
— 0.00006731995N* 4. 0.60000003374N* 

and in the common tabic of logarithms 

Fh a: On»,76.1 0 + + cn« 

or, 

Log. Fn = T.8808201 + AN + BN« + CN» 

which are almost identical with Laplace's formula (C), 
the degrees being reckoned positively from 100^ cent, 
downwards, and negativclv upwards. 

In degrees Fahreulieit and English inches^ the formula 
in this shape becomes— 

Log. F/ = L4771213T— 0.00854121972/ 

— 0.00002081091/2 + 0.00000000580/^...D. 

These formnln are &r from representing the results of 

late experiments at high temperatures, al though, within the 
Hmits of one atmosphere, they accord pretty closely with 
Dr Dalton^s early observations. 

40. In the first volume of the new series of the Philo- 
sophical Magazine, Mr Ivory has given a formula con- 
structed to represent empirically the experiments of Dr 
Ure. It is — 
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Log. JL =s.0087466^--.000015l78<*+.000000024825<*£. 

oU 

The application of tliis formula is laborious. It is of 

exactly the same uature with that of Laplace and Biot, 
and only represents the observations of Dr Ure within 
their narrow limits ; extended to higher temperatmres, it 
seems to deviate considerably from the truth, as may be 
seen from our table (Art. 57.) 

41. Sohmidt and Soldner, reviewing Dr Dalton's ezpe- 
rimentSy have each constructed, a formula to represent 
them : 

Schmidt's is—F =2 + F. 

Sokbei^fl formula ii 



F = Log.3ai3_i«6^2^^) G. 

42. In the EdnJmrgh Journal of ScUnee for 1829) Mr 

Tregaskis has given a theorem, which furnishes a rough 
approximation to experiment. It is this : that ^ of the 
temperature aboTe 32^^ added to vapour, will double its 

elasticity. 

43. M. Aochoy Professor of Mathematics at Toulon, 
sent to the Academy of Sciences, in 1828, a memoir on 

this subject, in which he proposes a formula, deduced from 
general principles. This formula 



F = 760+10 — — — H 

' ^ ll+0.03f 

This formula agrees closely with the French experiments. 

44. Dr Thomas Young iuTented a species of formula 

enlarely new. Abandoning altogether the formula in 

which one of the variables is involved as an ex])()uent, 

and abandoning altogether the Tiews from which formulsD 

of this kind had been derired, he assumed an expression 
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which is apparently perfectly arbitrary, and which has 
been a4iapted empirically to the experiments of Dr Daiton. 
It is this: 

Fi=(l +0.00029).^ K. 

t being reckoned above 212^ Fabr. and F being ibe force 

ill incheis of mercury. Hence we get inversely : 

.0029 

For very small changes of temperature, Dr Young's for- 
mula becomes 

t ss 1.642(9 

B being the corresponding slight yariation of pressure from 
30 inches, wbicb corresponds, within three thousandth 
parts, with the mean between Deluc*s correction 1.598, 
and Shuckburg's 1.70, or ].645e. 

Notwitbstanding the simplicity of the form of this ex- 
pression, and the facilities which it presents for ready 
calculation, it is impossible to adopt it, as it deviates 
widely and rapidly from the results of observation wben 
extended to high temperatures. Induced, however, by the 
simplicity of the expression, and not a little influenced, it 
may be, by the high authority of a name that will ever be 
distinguished among the most distinguished of those who 
have contributed immortal truths to the treasures of phy- 
sical science, the example of Dr Young has drawn after it 
many followers. Southern, Creighton, Coriolis, Tredgold, 
Arago, and Dulong, have successively attempted to modify 
the formula of Young, so as to twist it into some measure 
of conformity with observed phenomena — ^we shall see 
with how little success. 

46. Mr Creighton adopted a simyar formula to repre« 
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tent Ure^s experiments, only ebaoging the constant expon- 
ent from 7 to 6 i so that, making F the force of steam in 
inches of mercoij — 0.0d> and the temperatore of Fahren- 
heit -}- 85* s we haye 

6 

L. 



(l68.878) 



Log. F = (Log. t — 2.22679)® 

46. Mr Southern represented his experiments by the 
formula 

F^(^+51.3)5.i3 ^ 

87344.00UU00. 

Or, 

Log. (l.lF)zz 5.13 Log. (/+5L3)— 10.94123 

Andy 

'• T»g (M'^' ^)^ Log.(F + 0.1) + 10.94123 

^ 6*13 

47* Mr Tredgold simply reinstated Creighton*s expo- 
nent, altering the co-efficient to bring it nearer to those 
experiments with which he was ao(|uainted wheD his work 
was written ; but it is inaccurate at high temperatures, 
and like that ef Creighton* 

F=:(i±l^)" N. 

48. To adapt the formula to more recent experiments, 
M. Coriolis (in his work Du Calcul de l'£ffet des Ma* 
ehinesy 4tOf 1829) changed the exponent to 5«355, making 
it in French measures-^ 

p _ / l + 0.0187 8A5 3g5 Q 
V 2.878 / 

reckoning from 0^ cent, in atmospheres of 0.76 metres of 
mercury* 
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49* The Frenoh Academy of Sciences have finally re- 
duced the index to 5. ; finding* that number represent their 
experiments at high temperatures^ they adopted the fol- 
lowing expression : 

F=: (1+0.71530^ O. 

to gire the elasticity in atmospheres of 0.76 metres, the 

temperatui'e being in centesimal degrees, of course 

" 0.7163 

50. In conclusion, the committee of the Franklin Insti- 
tute have found it necessary to reinstate the index, 6, of 
Creighton, only modifying Dr .Young^s constant multiplier, 
so as to obtain 

F = (0.00333^-1-1)6 P. 

51. It may be useful to collate these formulae, and for 
this purpose they are assimilated in notation as follows-— 
F heing the elastic force due to a certain temperature 



Rohison's Formula. 
Log. Ft mi A. 

Prouy's Formula. 

Tt ft fi + fi &e B. 

ft II H in III 

Laplace's Formuku 



Fr= O.«76.(10y<'i«l»«^7-<».CMX)00626826„X. 



Blot's Formula. 
F/ = C^.TG. (io)Ae+Bff+Cf» D. 

lyory's Formula. 
F| =s 30. (0.0087466* — O.000O16178<« 

+ 0.0000002483^5) E. 

Schmidt's Formula. 
F# = |U«+«tti# F. 
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Soldner's Formula. 

F, = log, 3Oa3-l^l)-lH2=0...G. 

62042. 

RocWs Formtila. 

F, =: 760. 10 — H. 

11 + 0.03/ 

Dr Thomas Young^s Formula. 

=(0.0029^+ 1)^ K. 

Creighton's Formula. 

F. = f_jL_y L. 

Southern's Formula. 

^ (^+51-3)^^0.1 M. 

87344,00CMJU0^ 

Tredgold's Formula. 

f • = 

Coriolis' Formula. 

' \ 2.878 ) 

Commission of the French Academy. 
F* =(0.7153^+1)^ * P. 

Committee of the Franklin Institute. 
F* =: (0.00333/+l)6 Q. 

52. From his earlier experiments Dr Dalton constructed 
a scale of true temperature, in uLlt h the point of freezing 
mercury is placed at 17 6° ^ and in the method he there 
adopts, the increments of the scale of true temperature are 
as the square roots of the correspondinc; expansion^ ui the 
mercury from its point of maximum density. This scale 
was soon made the subject of a dose experimental sera- 
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tinj by Messrs Dulong and Petii> and afterwards of le89 

accurate, though more acrimonious, strictures by Dr Ure. 

This scale was, in fact, slightly inaccurate^ because 
it was founded on. the comparatiyely incorrect data of 
the experimental physics of that date. It is, however, 
scarcely fair to institute a comparison between the re- 
sults of a theory based on certain phenomena and the 
results of experiments .-which the improvement of our 
knowledge ^has entirely altered. It were less^unjust to 
the theory, and more wise as regards the interests of 
philosophy, first to examine how far it would hajge been 
modified by recent discoveries and then to compare its 
results with the legitimate consequences of the data on 
which it rests. It ought also to be recorded, that Dr 
Dalton published, in the third part pf his Chemical 
Philosophy in 1 827, the corrected experimental results to 
which he had been conducted by the improyed methods of 
observation, and the increased experience of thirty years 
which had elapsed from his iirst experiments, while 
modem writers continue to use the old numbers which 
should have been altogether discarded. 

Adopting, then, Dr Dalton's recent experiments below 
the point of ebullition of water, and the experiments of 
the French and Anurieaii Institutes ubuvc that point 
to 24 atmospheres, let us see what theory the \dews of 
Dr Dalton would conduct us to^ setting out from these 
improved data. 

Now, Dr Dalton found that, in his experiments, a certain 
progression of temperatures was accompanied by a certain 
progression of elastic force ; but his range of experiment 
being too small, he adopted an erroneous progression, by 
which, reckoning this progression as rising from the 
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freezing point of mercury, and proceeding as the square 
' roots of the equal expansions of mercury above that pointy 
gave 175^ as the point corresponding to the zero of the 

scale and the origin of his progression. 

5^ • In examining this subject again, I have found that 
this gradation of temperaturesy though not exact in 
truth, is analogous to one which may be deduced from 
the best experiments — and equally from Dr Dalton's and 
those of the French Academy. The law at which I have 
arriyed^is this^that if we reckon the temperatures from 
the point of congelation of mercury in a logarithmic 
aeriesy the ekstic force of steam forms a similar geome* 
trie series to these intervals of temperature. This would 
indicate that equal iuteryals of temperature are those 
which expand the substance of the thermometer through 
equal fractional parts of its bulk, instead of equi-differen* 
tial parts as at present, so that, instead of the common 
arithmeticai series as at present^ yix.» 

, C+d+2d+3 d+ nd « 

we should have, the temperatures represented by the geo* 
metrical series 

{C+d) . (l+£i« +d^+ d^) 

and then the corresponding elasticities would be the 
geometrical series 

(JP+h) . (^i+h^+h^+h^ + hn) y 

54. Let us therefore endeavour to obtain the values of 

two such series, so as to coincide with the best experi- 
ments. For this purpose we put the series y into the 
form 

m**s /I i 

K 
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and the seines representing the progression of tempera- 
tures into the form 

-r = /'' « 

then since (d) 

Log. a + log. m,n zz log.y 
or maldiig a the unit of pressure^ for simplicityy we get 

log. m 

whence by substitution in i when q^n, that is, when the 
elastio force is that which corresponds to the temperature 

we get 

i , log./ 

therefore 



T = log- m i 



Log. t =: }^^' ^ . log./+log. V 41 

Log./ss (log. log. -^-^ I 

Wbeii) therefore, p and r are determined for a giren 
value of m, the relative is obtained. If we take the 
value m s 2» and if we take from the experiments of the 
French Academy and Franklin Instttute, values of t and 
f above and below 30 inches, or unity, which is the value of 
m, and let these valuea be f, fff^ f"$ then £rom ({) we 
have 

and 

log. log./' -log. log./" = 0 .• 
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We have only, therefore, to assume r so as to satisfy 
these conditioiis. N0W9 

T ^ 212+c 

that is to say, if we reckon temperature from some given 
point c above or below the usual zero, viz. at the freezing 
point of mercury, like Dr Dalton's scale of temperature, 
and use the elastic force at 212** as our unit of pressure, 
we have then only to take /' and/" from the tables of 
experiment, and ^ve such a value to c as will satisfy the 
conditions. But as Dr Dalton places that sero ftt 175* 
we get 

387 

We have still to find p the index of progression, cor- 
responding to the values oif and f" in the experiments. 
If we take the value ss 2, then since by { 

log, m 

From the French experiments we get psUOS, whence 

by substitution, r beiiig=387°, jt?=:1.102, m=2, we have 

log F. 

=(*'1<>3) R. 

From Dr Dahon's o^eriments ire get 
r = 387°, p 1.1320, m = 2.602, 

whence 

^-r^T^ _ - (1.1320) -S. 

387° ^ 

From the combination of Dr Dalton's experiments 

below 30 inches, with the mean between those of the 



( . log, m 
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French Academy aad the FraDkiin Institute, we get 

r = 330^ p =1.1 1401, m =2.0, 

whence 

log p. 

log. S 

^+121° = (1.11401) T. 

333** 

It is from equation S and equation T that we have con- 
structed the larg<e table (Art 56) in which the results of 

these formulae are compared with experiment ; the formiila^ 
for high-pressure steam being compared with the mean of 
the French and American experiments ; but, as ihey do not 
extend below 212®, that part is compared with Dr 
Dalton's table. The coincid^ice of these formulae with 
experiment turns out to be much closer than could pos- 
sibly have been expected where the discrepancies of 
experiments from each other are so great. The experi- 
ments of Dr Ure deviate firom those of Dr Dalton, below 
the pressure of tlie atmosphere, as much as .33, and the 
greatest deviation of the formulae is .08. At pressures 
above the atmoiqphere the maximum deriotioii in the first 
ten atmospheres between the French and American 
experiments amounts to 6.4**, while the maximum deyiation 
of the formulsB is only l.P^— 

It is, however, remarkable, that in all the experiments 
hitherto made, the law of elasticity below the atmospheric 
pressure appears to deviate considerably from that above 
the atmosphere-— perhaps it may arise from the circum- 
stance that the experiments below atmospheric pressure 
have been made with different apparatus, having errors of 
a different kind from those made at high pressurei above 
the atmosphere. 
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From tliese eqmtioiiB we easily deduce ihe &Uowiiig 

formulie iii a shape convenieiit for calculation. 




— 2.587711) 
F + 2^7711 



Fiuallj 



Log. F=6.42 Qofr. -2.5224442) 

F +52244422. f 



o^^g. i Log. l'=b.4'J(lopr. 2 

«||^ 1 Log. teO.1557634. log. 
I^fl ( wheiite(^'^^- + 121.« 



These foniitil» oonverted into rules are as follows 

To find the pressui'e corresponding to any given tem- 
perature of steam above 212^— 

RtUe» To the temperature add 121", find the logarithm 
of that Sumy subtract from this logarithm the number 
2.5224442, and multiply the remaining number by 6.42 : 
the product is the logarithm of the pressure in atmo- 
wjfiimt of 30 inches of mercury. 

To find the temperature of steam^ having any given 
pressure greater than that of the atmosphere>-— 

Hule, Find the logarithm of the pressure in atmospheres, 
multiply it by 0.1557634^ add to the product 2.6224442 ; 
the sum is the logarithm of the temperature, from which, 
if 121° be subtracted, the remainder will be the tempera- 
ture on the common scale. 

J^xample^ To find the temperature at which high pres- 
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sure Bteam wiU mrt a foree greater than the atmosphere 

by 195 lbs. on the inch— 

195. lbs. = 390. inches of merctirj, 
390. inchee of merenry a: 13* atmospherefly 
14 atmospheres s= total elaatio force of the steam* 

Logarithm of U 1.1461280 

.1557634 

11461280 
5730640 

5730G4 

80227 
6876 
342 
44 

.17852473 
Add 2.5224442 

602.30G is the number of which 2.7009689 is the log. 
121* heing sabtracted 

381.306° is the temperature on Fahrenheit's scale at which 
the elastic force of steam has a pressure of 14 
atmospheres; an elastic force of 13.X15. lb. 
excess of pressure aboye the atmosphere on each 
square inch, ss 195* lbs. 

To find the pressure corresponding to any given tem- 
perature of steam below 212^'— 

JRtUe, To the temperature add 175°, find the logarithm 
of that sum, subtract firom this logarithm the number 
2.587711, and multiply the remainder by 7.71307; the 
product is the logarithm of the pressure jux decimal 
parts t>f an atmosphere; which, if multiplied bj 15, will 
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give pounds on the square inchy and by 30, inches of 

mercury. 

To find the temperatore at which steam will hare a 

giveu elastic force less than that of the atmosphere-r- 

Rule. Find the logarithm of the pressure iu decimal 
parts of an atmosphere^ multiply it by 0.12965> add to the 
product 2^877110; tibie sum is the logarithm of the tem- 
perature which will be expressed in degrees of Fahrenheit's 
scale, if 175 be subtracted from it. 



JBxaif^* To find the pressure of steam at 176^. 

To 170** 
Add 176<* 

The svm is 345^ of which the log. 2^378191 

subtract 2.5877110 

the remainder 1.9501081 

multiplied by 7.71307 

6.6507567 
6650756 
95010 
28503 
6650 
—(7.71307) 

The next No. is 0^12837> its log. 1.6157786 

30 

1 2.384 inches of mercury is the pressure $ 

being 17*616 inches of mer. below the atmos. 

30.000 
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Bjthm mles the foUowing table is calculated. 

Table of the JElaetic Force of Vapour in inches of Mer^ 
' ewryj at different temperatwresy according to our For* 
muks below 212'' and above it. 



0* 


0.07 


620 


0.68 


960 


1.89 


130O 


4.78 


10 


0.10 


63 


0.70 


97 


1.96 


131 


4.91 


20 


ai5 


64 


0.72 


98 


2.01 


132 


5^3 


30 


0.22 


65 


0.74 


99 


2.08 


133 


5.15 


♦32 


0.24 


66 


0.77 


100 


2.15 


134 


5i28 


33 


0.25 


67 


0.80 


101 


2.21 


135 


5.41 


34 


0.26 


68 


0.82 


102 


2.28 


136 


5.55 


35 


0.27 


69 


0.85 


103 


2.34 


137 


5.70 


36 


0.28 


70 


0.88 


104 


2.41 


138 


5.84 


37 


0.29 


71 


0.91 


105 


2.48 


139 


5.98 


38 


0.30 


72 


0.94 


106 


2.55 


140 


6.13 


39 


0.31 


73 


0.97 


107 


2.62 


141 


6.29 


40 


0.32 


74 


1.00 


108 


2.69 


142 


a45 


41 


0.33 


75 


1.03 


109 


2.76 


143 


6.61 


42 


0.34 


76 


1.06 


110 


2.83 


144 


6.76 


43 


0.35 


77 


1.09 


111 


2.91 


145 


6.92 


44 


0.37 


78 


1.12 


112 


2.98 


146 


7.08 


45 


0.38 


79 


1.16 


113 


3.08 


147 


7.25 


46 


0.39 


80 


1.20 


114 


3.16 


148 


7.41 


47 


0.40 


81 


1.24 


115 


3.25 


149 


7.61 


48 


0.42 


82 


1.28 


116 


3.33 


150 


7.80 


49 


0.43 


83 


1.31 


117 


3.42 


151 


8.00 


60 


0.45 


84 


1.36 


118 


3.51 


152 


8.20 


51 


0.47 


85 


1.39 


119 


3.60 


153 


8.40 


52 


0.49 


86 


1.44 


120 


3.69 


154 


8.59 


53 


0.51 


87 


1.47 


121 


3.79 


155 


8.79 


54 


0.53 


88 


1.51 


122 


3.88 


156 


8.99 


55 


0.55 


89 


1.56 


123 


3.98 


157 


9.20 


56 


0.57 


90 


1.61 


124 


4.08 


158 


9.41 


57 


0.59 


91 


1.65 


125 


4.19 


159 


9.62 


58 


O.Gl 


92 


1.69 


126 


4.30 


160 


9.84 


59 


0.62 


93 


1.74 


127 


4.42 


161 


10.06 


GO 


0.64 


94 


1.79 


128 


4.53 


162 


10.28 


61 


0.66 


95 


1.84 




4.66 


163 


10.51 
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lo4o 


10./5 


192" 19.86 


220*^ 


30.35 


248** 


58.48 




1 1.01 


193 


2n.:^() 


221 


36.08 


249 


e c\ 0^ 
59.37 


loo 


11 net 

1 1.28 


194 


20.74 


222 


36.80 


249.7 


60.00 


lo7 


1 1.5o 


195 


21.19 


ooo 


3^ .54 


zoO. 


60.47 


loo 


11 Ct tf 

1 1.85 


196 


21.64 


ll\ 


O O O 1 

38.31 


274.1 


90.00 


1 Cry 

lo9 


12.05 


197 


22.11 


2*25 


ort 1 1 

39.1 1 


291.9 


120.00 


170 


1 2.36 


198 


22.57 


226 


39.94 


306.8 


loO.OO 


171 


1 »T fc 
1 2.00 


199 


23.04 


227 


40. /O 


319.2 


180.00 


172 


12.96 


200 


23.52 


228 


4 1 .66 


329.9 


210.00 


173 


13.2b 


201 


24.00 


229 


42.55 


.TJa3 


240.00 


174 


13.50 


202 


24.50 


230 


-10 

43.4f) 


348.8 "^70.00 


175 


1 .1.86 


203 


25.00 


231 


44.29 


355.6 


300.00 


17o 


14.16 


204 


25.52 


232 


A p y K 

45.14 


363.0 


330.00 


177 


14.47 


205 


26.05 


233 


45.95 


369.4 


360.00 




14.78 


206 


26.59 


234 


46.78 


375.5 


390.00 


1/9 


15.09 


207 


27.14 


235 


4< .08 


381.3 


420.00 


180 


1 ^ 4 1 

15.41 


208 


27.69 


236 


48.39 


387.0 


450.00 


1 O 1 

181 


15.73 


209 


28.25 


33 < 


49.21 


391.9 


480.00 


182 


1 6.06 


210 


28.83 


238 


50.04 


3!if;.7 


5 1 0.00 


183 


16.40 


211 


29.40 


o oft 

239 


50.86 


401.3 


540.00 


184 


16.75 


Zl Z 


oU.UO 


240 


5 1 . / 0 


405.8 


570.00 


185 


17.10 


213 


30.61 


241 


52.53 


410.0 


600.00 


186 


17.46 


214 


31.24 


242 


53.37 


444.6 


900.00 


187 


17.83 


215 


31.89 


243 


54.22 


470.5 


1 200.00 


188 


18.21 


216 


32.56 


244 


55.07 


491.4 1500.00 


189 


1 8.60 


217 


33.24 


245 


55.93 






190 


1 9.00 


218 


33.93 


246 


56.73 






191 


19.42 


219 


34.63 


247 


57.60 , 







55* The fonxni]» ihus given are in such perfect accor^ 

dance with our best experimental knowledLj;e, tliat we can- 
not withhold our assent from the correctness of the prin- 
ciples from which they have been deduced* At the same time 
we desiderate very mueli a better series of experiments 
than we yet possess, as the range of doubtful temperature 
aboye 21 2^ is liar wider than the present perfect state of 
experimental science, and our improved means of observ- 
ing, can at all warrant. The discrepancies between the 

I. 
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experiments above and below 2 12^ sbow, tbat the two series 

should if possible be performed with identical apparatus. 

The formulae we bare obtained have been founded on the 
hypothesis^ that bodies expand nearly equal proportions 
of bulk in equal intervals of true temperature i and we 
have found that the elastic farce of steam increases in 
equal proportions, from equal increments of temperaturef 
reckoned in true intervals from the bottatn of the scale* 

Our formula 8bould» howeyer, be capable of being re- 
duced into a form closely resembling those which haye 
preceded it, iu so far as these have represented approxi- 
mately the experiments they were made to represent ; 
thus the formula of Laplace and his followers is of the Ibrm 

p m « + m f« + m f8 + ^c. infinitum. 

S0| in like manner, we should obtain from Equation T the 
f oUowing : 

Log. 2 x{2iog.c-log.(r-*-)-.A:(J+^^+^^^+&^^^ 

_log. log. (1.11401) log. FsO 

which is easily presented in a form absolutely the same. 

In like manner, it may be presented at once in the form 
adopted by Dr Thomas Young and all his followers, viz. 

for, if we take our formula 

Log. F=:7.71307 (log. 2.587711) 

we get, resuming the natural number, 

F=f£±17^V"^^ ....S3. 

V 387 ; ^ 

Or, if we take formula T<2) we get 

_ (t + \2\\^^-^-i 



\ 333 / 



T5. 
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We ihuB find, that the old fcyrmuls hare all approid- 

mated in a greater or less degree to the represeutation of 
the very hypothesis on which onrs has now been formed. 
Thejthiis add greatly to the probability of its truth. 

We do not, however, mean to assert, that the zero of 
the mercurial thermometer is absolutely at 176^ or 121^ 
below the present 0, or that the progression of the tem- 
peratures has been fixed accurately for mercury or for 
vapour. On the contrary, we have seen that the discre- 
pancies of the results obtained by different physical expe- 
rimenters are great, and do not admit of obtaining un- 
changeable numerical indices of progression, either of the 
temperatures or the corresponding elastic force. The 
existence of these two progressions, and their character 
has, we think, been established, and our research has the 
effect of confirming the profound views of Dr Dalton, 
which have, we think, been ill understood and insuffi- 
ciently appreciated. 

56. The following table exhibits some formula and 
experiments collated : 
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The first and last columns contain the successive tem- 
peratures, as far as 240<*, and after that the number 
of atmospheres of pressure ; and their reference ex«« 
tends wholly across the table. 

Col. II. contains the later experiments of Dr Dalton^ 
interpolated, where necessary, down to 240^$ the 
remainder of that column is firom the experiments of 
the French Academy. 

Col. III. contains the experiments of Dr Ure. 

Cols. IV. y. and VI. contain the formulae of Dr Young, 
Mr Ivory, and Mr Tredgold. 

Cols. YII. VIII. IX. and X. contain the experiments of 
Southern, Robison, Watt, and the Franklin Institute* 

Col. XI contains the numbers given by our formulai. 

CoL XII. exhibits the differences between the experi' 
ments of Drs Dalton and Ure. 

Col. XIII. exhibits the differences between the experi- 
ments of the French Academy and the Franklin In- 
stitute. 

Col. XIV. exliibits the deviations of Tredg"old*s formida 
irom Dalton's experiments, down to 240° ; and be- 
low that point, from the mean <^ the experiments of 
the French Academy and the rranklin Institute, in- 
terpolated where required. 

Col. XV. exliibits the difference between our formulas 
and the best experiments, Dr Dalton's being" taken 
down to 240°; and the mean between those of the 
French Academy and the Franklin Institute from that 
point to the end of the table — interpolations being 
used when necessary. 



Digitized by Google 



HSAT 



127 



SbCTXQN lY-— on THB CONSTXTUnONAI. CALOBIC OV 
STEAM, ITS BBNSITT Ain> TOItUMB AT NFFBRBflrT TEM- 
P£KATUB£S, AND ITS GENERATION AND CONDENSA- 
TION. 

57. Having now ascertained the force that may be giveu 
to steam by heating water in a eonfined spacey so that we 
can always obtain any force we desire by raising it to tke 
proper temperature, we have next to enquire what quanti^ 
of beat is necessary to produce steam of that temperature 
and force. The answer to this question is, to determine 
the quantity of fuel necessary to generate steam of a given 
power, and direct the economic a^lication of that power. 

The quantity of caloric necessary to transform a given 
quantity of water into steam of the same temperature, is 
called the caloric qf ekuHcit^ of that substance. The 
quantity of heat which it will contain at any giTcn tem- 
perature is called its capacii^ for heat ; and the relation 
which subsists between the quantity of heat which some 
well known body, such as water or air, gives out or ac- 
quires, in a given chanc^-c of temperature, and that which 
any other substance will give out or acquire in the same 
wcumstancesy is called the upec^^ caloric of that sub- 
stance. 

58. Of the quantity the caloric of elasticity of any sub- 
stance, of its capacity for containing heat, and of its spe* 
cific caloric, the thermometer gives us no information. 
An instrument for doing so may be called, as a distinctioui 
the ealorimeier* Thus the thermometer measures the in- 
tensity of heat— the calorimeter its quantity. 

K in three several vessels there be contained, at the 
temperature of 32% a pound weight of three different 
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fluids, water in one, mercury in the second, and oil in the 
third ; and if the heat of an alcohol lamp be applied, first 
of all to the mercury, then to the water, and next to the 
oily a thermometer being inserted in each, it will re- 
quire much longer time to heat the water to 212^ of the 
thermometer than the mercury, twenty-five times as 
much alcohol being burned in the process ; whereas the oil 
will he warmed to the same temperature on the thermo- 
meter, by half the quantity of caloric which is necessary 
to heat the water to 212«>. Therefore, the capacity of 
water for heat is said to be twenty-fire times as great as 
thai of mercmry, and twice as great as the capacity of oil ; 
and the specific heats of these substances, in relation to 
water, are thus represented : 

Water, 1.000 ; oil, 0.520 ; mercury, 0.040 nearly. 
If, instead of taking equal weights of these substances, we 
had filled equal vessels with them, and then applied the 
quantity of water necessary to heat them to equal tempe- 
ratures, we should have had the capacities and specific 
heat of equal yolumes, instead of equal masses as formerly ; 
and it would have been found, that the quantity of alco- 
hol requii*ed to heat them to the same temperature was 
only half as much for the mercury as the water, and 
greater for the water than the oil, in the proportion of 20 
to 9 ; showing that the capacity of water was still the 
greatest, and that the specific caloric^ in equal Tolumes of 
these substances, are nearly 

Water, 1.000 ; oil, 0.450 ; mercury, 0.550. 
The capacities for heaty and the specific caloric of dif- 
ferent substances, may be determined by cooling as well 
as heating them. An ounce of ice thrown upon a pound 
of mercury will cool it or an equal weight of oil much 
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mote tlian water ; and, in general, the quantity of ice, or 
of cold water, or of cold air, or any other fluid required to 
cool a body, will exactly correspond to the quantity of 
caloric required to heat it to the same degree of tempe- 
rature. A calorimeter measures the quantity of ice which 
must he melted in cooling different substances, and is de- 
scribed in our article *^ Hbat.*^ The following are the 
results of such of the most valuable experiments upon this 
subject as are appropriate to our present enquiry : ^ 

Table of the specific Caloric in different substances. 

Equal Equal 
Vcightat yolnniaa^ 

Water, .... 1.000 1.000 

Mercury, .... 0.033 0.470 Dulong and Petit. 

Alcohol, .... 0.700 0.570 Dalton. 

Sulphuric ether, • 0.660 0.500 Dalton. 

Spermaceti oil, . 0.520 0.450 Daltou. 

Oiiye oil, • • . . 0.309 ....... Lavoisier &Lapkce» 

Sulphuric acid, . 0.350 0.650 Dalton. 

Nitric acid, . . . 0.620 0.870 Dalton. 

Muriatic add, . . 0.600 0.700 Dalton. 

Sol. of salt (1.197) 0.780 0.930 Dalton. 

Sol.of sugar (1. 117) 0.770 0.900 Dalton. 



Ice^ 0.900 0.830 Dalton. 

Coal, 0.280 0.360 Dalton. 

Flint glass, . . . 0.190 0.550 Dalton. 

Iron, 0.110 0.880 Dulong and Petit. 

Copper, .... 0.095 0.850 Dulong and Petit. 

Lead, 0.040 0.450 Dalton. 

Tin, 0.070 0.510 Dalton. 

Zinc, 0.100 0.690 Dalton. 
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Silver, « • • • 0.055 Dulong and Petit. 

Gold, 0.029 Dulong and Petit. 

Platina, .... 0.335 Dulong and Petit. 

. 0.267 1.000* IXKM)*-* 
. 3.294 12.340 8.903 

• 0.236 0.885 0.976 
. 0.275 1.032 1.000 
. 0.237 0.888 1.350 f g | 

• 0.420 1.576 1.553 



Atmospberie air, 
Hjrdrogen gas, 
Oxygen gas, - 
Nitrogen gas, 
Nitrous oxide gas 
Olefiant gas, • 
Carbonio oxide gas, • 0.288 1.080 1.034 
Carbonic acid gas, . . 0.221 0.828 1.258 



I 



^ S3 



59* Besides the capacity of different bodies for heat, and 
the specific heat of each at given temperatures, there is 
another condition of heat still more striking, and of 
which the thermometer gives no indication. It is this : 
that the same substance, at difierent times, may contain 
difierent quantities of caloric, and yet the thermometer in 
both cases give the same indicatiou of temperature. Ice 
at 32°, which is in the process of meitiog, and while its 
bulk is diminishing by one-tenth part, receives as much 
caloric as would raise its temj)e'rature, "vvhen melted, to 
172^ ; and after having received it ail, remains still at the 
same temperature as before, indicating 32^ on the thermo- 
meter. In like manner, when the particles of the water have 
acquired so much sensible heat as to raise its temperature 
to 212^, it may receive as much more heat as would have 
raised its temperature 950° or 960°, if it had continued to 
be shown by the thermometer ; but the water now assum- 
ing the state of steam, the thermometer indicates no ac- 

• In these two columiu, air is assumed as unity, the first being thespedfio 
belt lute eqiMl wdf^tib tb0 Mooiid under eqoal TdloiaM* 
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oesnon, but remains in the water or in the steam still at 

the temperature of 212°. In these two conditions, tliere- 
fore^ when the particles of ice are leaving the solid and 
taking^ the liquid form, and again passing out of the liquid 
into tke vaporous state, a large accession of caloric passes 
into the substance without being detected hj the thermo- 
meter ; tills heat, kuensihle to the tiiermometer, and mm- 
nifested only by the calorimeter, is called latent heat. 
The doctrine of latent heat was discovered by Dr Black. 

The quantity of heat thus latent in the mass of a solid, 
when it assuines the liquid state, is called the caloric of 
fiuidiUf. The latent caloric of a liquid passing into va- 
pour is called tiie caloric of elasticity or Taporization. 



Caloric of FloidUy. 




Caloric of Vaporisation. 




Sulphur, 

Spermaceti, • 


144* 


Water, . . 


967* 


145 


Alcohol, 


442 


Lead, 

Bees' wax, • 


162 


Ether, . • 
Petroleum, • « 


302 


175 


178 


Zinc, ... 


493 


Oil of turpentine. 


178 


Tin, . • • 


500 


Nitric acid, • 


532 


Bismuth, 


550 


Liquid ammoniat 


837 


Ice, • 


140 


Vinegar, • 





60. The determination of the latent heat of ordinary 
steam is a problem of considerable practical difficulty. 

It may be obtained rudely by very simple contrivances. 
If a lamp, which bums with tolerable uniformity, be ap« 
plied to a vessel containing cold water, at the temperature 
of 32°, so long as to heat it to 212°, the boiling point, and 
if the lamp be then weighed and the consumption of oil 
ascertained by the loss of weight ; and if the lamp be still 
applied to the boiling water so as to keep it constantiy in 
ebullition until the whole has been converted into steam ; 
the steam pasraog off at the same tenqperature as the 
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water» it will be found, when the whole water has been 

boiled away, or converted into steam, that G times as 
much oil has been consumed, or that 6 times as much 
heat has been employed in the conyersion of the«water 
into steam as was required formerly to heat the water from 
32° to 212° or to give it 180°, of temperature ; so that 6 
times 180^ or 1080% will appear to have been absorbed 
or earned off in the steam of 212**— ihat is, the latent 
heat of steam is 1080^. 

Otherwise^ the same determination may be obtained} if 
the steam, when passing off from the boiling water, be 
led carefully in a pipe to a vessel of cold water, so as to 
take from it the heat which it has thus carried off ; if the 
water to which the heat of the steam is given out be at a 
temperature of 32° and of 6 times the quantity of the 
water from which the steam was formed, the whole of it 
will be heated by the calorie of the steam to 212% show- * 
ing that the quantity of caloric of the steam amounts to 
what gives 180° to 6 times the quantity of water ; giving, 
as formerly, 6 times 180^ or 1080^ as the amount of the 
latent heat of the steam. 

It is to Mr Watt that we owe the earliest determina^ 
iion of the latent heat of steam* Dr Black endeavoured 
to ascertain this point by the first of the methods we have 
pointed out, by comparing the time of raising the tem- 
perature of water a certain number of degrees, with the 
time of boiling it off a certain nimiber of degrees ; but his 
result was not correct, being only 800°. Mr Watt's re- 
sult for the latent heat of steam was 1006^ 79* 

Mr Southern's experiments were made in 1803 ; and he 
was assisted in them by Mr William Creighton, and com- 
mimicated them to Mr Watt for an appendix to this article. 
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He obtained the nmnber 950^. The thermometers employ^ 

ed in his experiments were made and graduated with the 
greatest care^ the tubes haviiig been aocuratelj measured 
as to the proportioiial oapaeitj of their different parts. 

A similar series of experiments Avas afterwards made 
bj M. Schmidt, who determined the heat latent in steam 
to be about 5.33 times that necessary to heat water from 

32° to 212^ zz r).:i:i times 180° or 9()0 iitarlr. 

Count Rumford determined the latent heat of steam 
by condensing it in a calorimeter formed by pushing along 
spiral steam pipe through a vessel of cold water, by 
which he obtained 1040.8 as the latent heat of steam of 
water. 

M. Despretz in the Annales de Chimie et PJii/sique, 
gives 956.8^ as the result of his experiments on the latent 
heat of steam. 

Larobier and Laplace make the latent heat of steam 

1000°. 

From the experiments of Gay Lussae and of MM. 
Clement and Desormesy the number 990® is generally . 
used by the French to represent the latent heat of steam. 
The diversity of the results obtained from experiments 
made by so many excellent experimenters, with so much 
precaution, is remarkable — to eliminate from them the pre- 
cise truth with certainty is not within our present resources 
of analysis. There is high probability in favour of the 
numbers 990. or 1000., as representing nearly enough 
the latent heat of steam, being 5.555 times the caloric of 
boiling water, its whole caloric reckoned from 32° being 
6S66 times that of boiling water. 

G 1 . A doctrine of great simplicity is now pretty gene- 
rally held as expressing with an aocnra^ quite within 
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the limits of experimental preeifliooy the result of our 

knowledge of the heat latent in steam. It is found that 
in steam of great elasticity aud of corresponding high 
temperature) the heat latent is in quantity less ; and that, 
on the contrary, when steam is of lower elastic force and 
of lower temperature than at 212% its latent heat is greater 
than at 212°. And it appears that ve are warranted in 
the conclusion first suggested by Mr Watt and afterwards 
by Dr Dalton, that the whole amount of caloric in a given 
quantity of elastic vapour remains the same at all tempe- 
ratures and under all pressures. When the volume of 
the vapour is great, the greater is its capacity and the 
less its temperature; while, by compressing it into 
smaller space, its elasticity is encreased and its temper- 
ature raised. The doctrine is thus expressed, that the 
mm of the eensible and latent heat of vapour is a eon^ 
stant quantity, M. Desprets has extended this to the 
vapours of several other fluids. 

There is another expression for the law of the constitu- 
tional heat of the vapour, which is, in the language of the 
Atomic Theory, that every atom of a fiuid in the state of 
vapour poesesseSf under evertf degree of elasticity and 
preseuref the same quanOty of calorie. This doctrine 
leads to very important consequences both of a theoretical 
and practical nature. 

It follows immediately from this doctrine, that if a 
quantity of vapour have once been formed by adding to the 
liquid the quantity of caloric necessary to the constitution 
of the vapour, the same particles of matter surrounded by 
the same spheres of caloric may pass through all grada- 
tions of density, and through all gradations of tempera- 
ture, without either parting with caloric or obtaining 



Digitized by Google 



LATENT BXAT. 



135 



heBk sapplks. Vapour of tke temporatare of 21 2^ as it 

rises from water boiling in the open air, may be collected 
in a Teasel and oompressed by the force of 30 inches of 
mercorj into half its bulk^ it trill become steam of a higher 
temp* l ature viz. 25U°, from the increased quantity of 
caloric in the diminished volume, and in this case the 
latent heat will only be 970^ instead of 1000^ If com- 
presscd still fmrther again into one half of that bulk, the 
temperature will rise to 292°, and leave only 920° latent. 
CJompressed sCall further into half of the last>mentioned 
space, tliat is into ^ of its ori^nal bulk, the temperature 
is raised to 339^) leayiog only 873" latent ; and another 
step would raise the temperature to 392^, leaving only 
820^ latent ; less than seven steps more would bring the 
steam into less than its original bulk of water, with a tem- 
perature of between 900<^ and 1000^ of sensible heat, and 
an amount of latent heat not much greater than its origi- 
nal proportion of sensible heat, or 212^. In this case, we 
should have steam as heavy as water and as hot as flame. 

If, on the contrary, this process were reversed, and the 
steam produced at 21 2*^ under the pressure of an atmo- 
sphere permitted to expand in vacuo to double its bulk, a 
pordon of the sensible heat would become absorbed into 
the spheres of caloric around the atoms of water, increasing 
the latent heat by 32^ and diminishing the sensible heat 
to 180^. The bulk being again doubled, and the steam 
expanded to four times its original bulk, the temperature 
would sink to ISO^f and three more repetitions of the ex- 
pansion would give a vapour of 71^ temperature, and 1 141^ 

of latent heat. 

This expansion and contraction of the steam, accompa- 
nied by dimimshed temperature, is exactly what would 



uiyiii 



136 



exist if our atmospbere, instead of oxygen and nitrogen, 

were wholly composed of vapour of water. Suppose the 
ttmperature of the oeeaa to be 1000s ^ atmosphere of 
vapour would be raised of 2000 times the weight of the 
present atmosphere : the under-part of this atmosphere, 
compressed by the superincumbent weight, would be of 
gpreat density ; but in ascending, the dindmshed pressure 
would be attended with diminislied temperature, until at 
last a doud of white ice would be seen floating on the 
surfiice* Must not the sun, from his intense heat, be a 
body of this nature, having an atmosphere of enormous 
depths on the summit of which the beautifully crystalline 
and sparkling crust is continually preserved by its diminish* 
ed temperature in a state of renewed whiteness ? 

62. The specific gravity, density, and volume occupied 
by steam at di£ferent temperatures, have been correctly 
determined by experiment; and it has been ascertained 
that the expansion of vapour follows tlie law of the expan- 
sion of other gases by beat $ vis. the law of Dalton and 
Gay Lussac, that all gases expand from l.to 1.375 in bulk, 
by 1 80^ of temperature, or for each degree of Fahren- 
heit; and, secondly, that steam obeys the law of Boyle and 
Mariotte, contracting in volume proportionally to pressure. 
It is hrst of all necessary to know what hulk a given 
quantity of water converted into steam will occupy at a 
given pressure, and the application of these laws will 
determine the specific gravity, density, aud volume at all 
other pressures and temperatures. 

63. The experiments of Gay Lussac upon this subject 
are simple, elegant, and satisfactory. His apparatus is as 
follows :*-A chauffer, F, contains burning fuel, by which 
beat is communicated to B C, a bath of mercury. A 
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Fig. 23- 



apherole A» of thin gkaa^ hennetieally 

closed, contains a given weight of 
water. G is a glass tube of consider- 
able diameter, filled with pure dry 
mercury, and inserted in the hath, after 
which the spherule A, containing the 
irater, is allowed to ascend to the top 
of the mercury, and is then broken by 
concussion, so that a given quantity of 
water is thus placed in the Torricellian 
vacuum at the top of the mercury. By 
the fuel in F heat is then communicated 
Upwards, by the fluids, to the whole ap« 
paratus, and to the water in the summit 
of the tube G; and the mercury de- 
scends until the whole of the water is 
converted into steam, after which it 
ceases to descend in the same rapid . 
proportion to the increase of tempera* t 
ture. This change shows that the whole of the water is 
evaporated, and the heat must again be allowed gradually 
to diminishy until the depression of the mercury corre- 
sponds to the temperature indicated in our table of Elastic 
Force. The capacity of the tube G is sho^\^l by divisions 
on its sur&ce previously fixed, and the height of the mer- 
curial column by a graduated rule and vernier r r, sup- 
ported on tlie edge of the bath. The thermometers h h 
indicate the temperature of the fluids* 

By means of this apparatus, Gay Lussac has deter- 
mined the specific gravity of steam to be .625, air being 
1000.; that is to say, steam from boihng water is lighter 
than common air in the proportion of 5* to 8* 
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64. Dr Dalton's recent ezperimento makethe weight of s 

cubic foot of air at 60® s 585.68 grains ; therefore a cubic 
foot of coDunon steam weighs 334.8 grains at 60% under 
a pressure of 30 inehee of mercury; but as this pressure 
would eonyert it into water, the true weight will be found, 
bj the law of Mariotte, thus: 

30 in. : .065 : : 334.8 : 7.254 

the true weighty in grainsi of a cubic foot of steam at 60^, 
and under the former pressure due to its own elasticitj in 

vacuo ; but if we wish to know the weight of a cubic foot 
of steam aX2l2% we must use the law of Gay Lussac and 
Dalton, thus : 

^2120-60°) or 1520 

460 ^ 

254.3 grains is therefore the weight of a cubic foot of 
steam, as it passes off from water boiling in the air at 212**. 

But the weight of one cubic inch of water at 60** is 253 
grains ; therefore, the weight of a cubic inch of water at 
60** is almost exactly equal to one cubic foot^ or 1728 
cubic inches^ of steam. 

Hence we find, that the particles of water, when they 
form steam, are so much repelled by their spheres of ca- 
loric, as to be kept at twelye times their original distance 
from each other ; that, in this gaseous state, water is 1728 
times rarer than when liquid ; and that one gallon of wa- 
ter, with the requisite supply of caloric^ wiU make 1728 
gallons of steam. 
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2>f DaUorCs Table of the Density of Air and Steam, 



100 cubical iuuhes of air under M lu. Burum. and 




CO* FalirRilMit, being 31 gn. 




Tempe« 
ntnre. 

— — 


Vol. Air. 
nndwdOin. 


Weipht of 100 
cubic mclies 
of •team. 


of itoaiD. 


32® 


480 


• 178 {TVS. 


0.26 


34 


482 


.191 


0.28 


36 


484 


.203 


0.30 


38 


486 


.206 


0.32 


40 


488 


.229 


0.34 


42 


490 


.245 


0.37 


44 


492 


.267 


0.40 


46 


494 


.284 


0.43 


48 


496 


.303 


0.46 


50 


498 


.323 


0.49 


52 


500 


.341 


0.52 


54 


502 


.366 


0.56 


56 


504 


.384 


0.59 


58 


506 


.402 


0.62 


60 


508 


.420 


0.65 


62 


510 


.444 


0.69 


64 


512 


.468 


0.73 


66 


514 


.492 


0.77 


68 


516 


.521 


0.82 


70 


518 


.551 


0.87 


72 


520 


.580 


0.92 


74 


522 


.610 


0.97 


76 


524 


.645 


1.03 


78 


526 


.680 


L09 


80 

• 


528 


.721 


1.16 



65. The source from which caloric is ohtained for the 
conversion of water into steam, is either the heat of the 
sun, the central heat of the earth, or of artificial fires. It 
is upon the intensity and quantity of this heat that the 
elastic force, temperature, density, and volume of the steam 
obtained for a& j particular purpose must depend ; and it 
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Gay TMb rffhe DennUf and Volume of Steam* 



Water at 32* being the milt ct Densitj and Volnme. \ 



TenuMKafc. 


DenBlly. 


Volume. 


Temperat. 


w 


Volnme. 


Fah. cent. 






rant 


cent. 




7267 


32.0 Ou 
35.6 2 


0.00000540 


182323 




n9o 

WW 


0.00013760 


609 


164332 


147 9 


G4 


15010 


6662 


89.2 4 


686 


14588G 






1635G 


Gil 4 


42.8 6 


772 


129587 


1 ^4 4 




17797 


5G19 


4G.4 8 


809 


115305 


1 ^ 


70 


19355 


Mia ^kM* 

6167 


50.0 10 


974 


102670 


1A1 It 


72 

74 


21013 

22794 


4769 

4387 


53.6 12 

57.2 14 


0.00001092 


91564 




1224 


81686 




7fi 


24702 


4048 


60.8 16 


1372 


72913 


1 79 4 


78 


26739 


3741 


64.4 18 


1534 


65201 


1 7<i 


80 


28889 


3462 


68. 20 


1718 


58224 


179.6 


82 


31195 


3206 


71^ 22 


1914 


52260 


183.2 


84 


33637 


2973 


75 2 24 


2183 


46877 


1868 


86 


36237 


27G0 


78.8 26 


2370 


42084 


190.4 


88 


38984 


25G5 


82.4 28 


2(m 


37838 


194. 


90 


41S91 


2387 


86. 30 


2938 


34041 


197.6 


92 


44LI56 


2224 


89.6 32 


3263 


30650 


201.2 


94 


48201 


2075 


93.2 34 


8619 


27636 


204.8 


96 


51613 


1938 


96.8 36 


4017 


24897 


208.4 


98 


55191 


1812 


100.4 38 


4442 


22513 


212. 


100 


58955 


1696 


104. 40 


491G 


20343 


250.5 


121.4 


0.0011147 


897.09 








275.2 


135.1 


l.yjLO\j 




111.2 44 


6023 


16805 


293.7 


1454 


20997 


47G.2G 


114.8 46 


6585 


15185 


307.54 163.8 


25763 


388.16 


118.4 48 


7242 


18809 


320.3 


160.2 


30402 


328.93 


122. 50 


7970 


1254G 


331 9 


166.5 


34911 


286.12 


125.6 52 


8753 


11424 


341.7 


172 1 


39434 


253 59 


129.2 54 


9606 


10410 


358.8 


181.G 


4822G 


207.36 


132.8 56 


0.00010525 


9501 


418 4 


214.7 


898G3 


111.28 


130.4 58 


11523 


8680 


457 1 


236.2 


0.0129030 


77.50 


140. 60 


12599 


7937 


478.6 


265.9 


203060 


49.315 



is therefore an important point to determine how it is to 

be obtained. 

The most important and common sources of heat for 
the production of steam, are the combustion of coal, char- 
coal, wood, resin, and oil. Many experiments have been 
made upon the quantities of caloric given out during their 
combustion ; but the results vary mwdi with the methods 
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of applying the heat. The six foUowii^ are tome of the 

results of Dr Dalton's experiments ; the rest are selected 
from the best authorities : 

One lb, of Hydrogen, bomt with 7 lbs. oxygen, produees 

8 lbs. of water, and raises 250 lbs. of water 160^. 
Charcoal, 2.8 3.8 carbon, acid, 31 lbs. 

Oil, wax, tallow, 3.5 4.5 water and carb. ac, 81 
Oil of turpentine, 46.4 
Carburettedhjdrogen,4. 5. water and carb. ac. 66 
Olefiant gas, 3.5 4.5 water and earb. ac. 67 

Naphtha, 3.20 73 

Kape oil, 90 
Caking coal, 54 
Olive oil, 

Charcoal, 57 
Coke, 51 

Peat, 22 
Newcastle coal, 55.5 
Calm, 11 
The numbers in the last colunui represent the number of 
pounds of water at 32°, which will be heated to 212^, 
when the fuel is i^lied in the most economical manner ; 
and hence the quantity of fuel to heat any other quantity 
of water any number of degrees, can be found by the 
common arithmetical rules of proportion. 

The quantity of water at 212°, which will be converted 
into steam^ may be found, by dividing tlio number of 
pounds of water in the table by 5.55. Thus, firom the 
table — 

1 lb. of Newcastle coal gives 180° to 55.5 lbs. of water. 

Thertfore, 1 lb. of NewcuUe ) 55^5 ^ loibs. of water, 
coal converts mto steam, J 5US5 

This is to be taken as the efiect that may be produced 
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if there be no material host of heat ; and in the Cornish 

engines I find that even 10.5 lbs. are actually accom- 
plished. 

In general, howeyer, for the purposes of ordinary ma- 

nufactures, in Lancashire, Staffordshire, and the vicinity 
of London, it appears tliat not more than 6.6 lbs. of water 
are converted into steam by one pound of coal ; so that 
not more than 33.3 lbs. of water are heated with ordinary 
boilers from 32^ to 212°. The following table may be 
taken as the numbers usually giyen to represent the 
actual state of practice. But a late investigation by Mr 
Parkes shows, that in the best constructions of boilers 
now used in Cornwall, Warwickshire) and elsewhere, 
these effects are nearly doubled : 

1 lb. of the best coal is generally required to heat 

33.3 lbs. of water from 32° to 212*. 

1 lb 6.6 lbs. of water at 212° into steam. 

and 1 lb..«*. 5.5 lbs. of water at 32^ into steam. 

2 lbs. nearly ^..one cubic foot of water from 32^ to 

212°. 

11 lbs. nearly.... one cubic foot of water at 212° into 

steam. 

13 lbs. nearly ..one cubic foot of water at 32<) into 
steam. 

Now, as a gallon contains ten pounds of water^ it fol- 
lows that — 

1 lb. of coal will raise 3^ gallons of water from 329 to 
the boiling point. 

5 lbs. of coal will convert 3^ gallons of water at 212^ into 
steam. 

6 lbs. of coal will convert 3^ gallons of water at 329 into 

steam. 

We have given these appronmate numbers for practical 
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use, in the application of steam to some of the ordinary 

purposes and processes of art and domestic use, upon 
which we are about to enter ; and the j are such as may, 
with Tery ordinary care, be safely calculated on. But far 
a full exposition of the processes, and principles, and me- 
chaaioal arrangements connected with the best methods of 
generating steam firom fuel, we must refer to the article 

Steam-Engine," where the generation and condensa- 
tion of steam find their most important uses* 

It may perhaps be proper to remark, that a boiler, 
which is there called a boiler of one, two, or tlu-ee horses' 
power, is one which is capable of raising one, two» or 
three cubic fBCt of water into steam in an hour. Whateyer, 
therefore, be the application for which steam is wanted, 
if twenty cubic feet of water per hour are required to be 
converted into steam, a twenty horse-power boiler is that 
which must be procured for the purpose — and of course 
from 220 to 260 pounds of the best coal will be consumed 
in that time. 

« 

Section v. — The APrLiCATiON of our knowledge 

OF THE PSOFEBTIES, PHENOMENA, AKD I«A.WS OF 
STEAM TO FBACnCAL AUD BGONOMIGAL FUBFOSES. 

1. Warming apartments and buildings by steam. 2. 
Heating greenhouses, &c., by steam* 3* Evaporating 
solutions, drying fabrics, paper, gunpowder, grain, &c., 
by steam. 4. Warming baths, boiling liquids, and 
distilling by steam. 5« Preparation and economy of 
wholesome food by steam. 6. The steam-engine. 

1. Warming Apartments 6y Steam, 

G6. One of the most important applications of steam 



Digitized by Google 



144 



STEAM* 



in the economy of fuel, is its employment as a yeliiole for 

transferring to a distance, and distributing uniformly, the 
heat of a lire for the purpose of warming an apartment or 
building. Its great efficiency for this purpose arises from 
the largeness of its capacity for caloric ; because, as it 
holds a quantity of caloric equal to 1000 degrees, it will 
communicate as much heat as a mass of red hot iron; 
and it will have this advantage over the iron, that it 
can carry this heat to a distance without a similar loss ; 
because^ the heat being latent, will not he given out until 
it arrive at its destination and become condensed, when 
the whole of its 1000<> will be usefully applied. 

The manner in which warming by steam is to be 
effected, is this. At a convenient part of the building, and 
as low as possible, there is to be placed a close steam 
boiler of the ordinary construction* From this boiler a 
small steam pipe is to be carried to the part of the 
building which is to be warmed. This small pipe should 
be pretty thick, and carefully rolled round with a fillet of 
flannel to a quarter of an inch thick, and the boiler 
should be wholly covered with bricks and plastered over 
to keep it warm. This smaller steam pipe should have 
an area of one square inch for every six gallon^ of water 
that the boiler can boil off in an hour. Pipes of a larger 
size are to be laid round the room above the floor, or 
under the floor, if apertures belefb to allow a free circu- 
lation of warmed air to enter the room; but the best 
method we have seen is, to make the surbsse, which passes 
round the room, of thin iron plate or copper having the 
external figure of the surbase, and sufficiently strong to 
withstand the pressure of the steam, which strong tin 
plate or copper of 1^ lb. to the foot will sufficiently effect, 
if the surbase be not more than about 4 inches square. 
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Into these larger pipes the steam is to be conducted, and 

in them the steam will be condensed into water, and will 
give 1000° of heat to the colder air of the room which is 
jn contact with the outside of these pipes. In doing S0| 
the steam being condensed into water, small pipes of lead 
or tin must be provided, for the purpose of bringiog 
hack this condensed water into the boiler ; and, in order 
that they may act well, care is to be taken that a gentle 
slope, of about an inch in 20 feet, be given to all the pipes. 
The condensed water being thus conducted back to the 
bottom of the boiler, it will there be replenished with heat, 
and in the form of steam will again carry up its supply of 
1000° to the apartment, again to be giyen off as formerly 
to the room, and then returning once more to the boiler, 
a continual circulation of the same particles of water, 
giving out in each circuit a quanti^ of heat equal to red 
hot iron, is uniformly and gently imparted to and diffused 
equally over the apartment. The pipe which brings the 
Steam from the boiler may be called the feeding pipe, the 
pipes which give off the heat the radiating pipes, and the 
pipes which lead back the water to the boiler the return 
pipes* We have already given dimensions for the feed 
pipe. The return pipes need not be more than ^ of the 
diameter of the feed pipe, but an increase of size could 
do little harm, and may have the effect of preyentiog 
accidental obstruction : the boUer will require to haye a 
pint of water added now and then to supply accidental 
waste ; and a safety-valye on the boiler is indispensable. 
A self-regulatmg feeder, such as that mentioned in the 
article Steam-Engine, among the apparatus of boilers, is 
also to be recomended where it can be readily attained. It is 
necessary, howeyer, to giye directions at greater length 
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for the dimensions of the warming or radiating pipes, as 

it is upon their proper construction and arrangement that 
ibe efficiency of the apparatus entirelj depends ; and the 
apparatus has frequently fiiiled from ihe want of proper 
precaution. The radiating pipes in the room are gener- 
ally too small. It is their extent of surfEuse, and the free 
inrculation of air round them, which determines how 
much of the heat will be given out, and how rapidly, 
From Tery accurate experiments I am induced to conclude 
that aToom containing 5D0 cubic feet of air, and exposing^ 
400 feet of surface, may be maintained at a temperature 
of 20^ above that of the air without — ^that is to say, at 
60^ in the inside of the room when the atmosphere is at 
40° without — for a space of twelve hours, by the evapora- 
tion of 2 gallons of water, and at the expense of about 
ihree pounds of coal of the value of one farthing* 
But this supposes that there is no ventilation, and that 
the air of the room is never changed ; whereas, the pre- 
sence of one individual would render it necessary to intro- 
duce nearly 400 cubic feet of external air every hour. 
Now, the heat of 20° given to 400 cubic feet of air would 
require the evaporation of 3 gallons of water ; and, therefor^ 
the evaporation of 3 gallons of water would be required for 
such a room, and 3 gallonsfor every person in it, if properly 
ventilated, and for every 2 gallons there should be at 
least one square foot of radiating surface ; so that such 
a room, occupied by one person, would require a surface of 
warming pipe equal to 2^ square feet, and so on for every 
such room and occupant, for a space of 12 hours in the 
dav. 

Thus, the evaporation of 1 gallon per day for every 400 
feet of surfiEice, with a difference of temperature of 20^ 
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firom tlie eiternal air, and 1^ gallons per day for ea4sh 

person, and 1 square foot of radiating surfioce, is a stan- 
dard from which we easily calculate. 

A room 30 feet long, 20 feet wide^ and 10 feet lugh^ 
has a surface of 2200 feet, which would require 5^ gal- 
lons; six people would require 9 gallons; therefore, 14J 
gaUonsof water andTJ feet of radiating surface wiU heat 
the well-yentilated room 12 hours (or 6 persons at an 
expense of 26 lbs. of coal, or about threepence per day ; 
or a whole house, occupied by 6 persons, may he warmed^ 
if 30 feet high, 30 feet wide, and 30 feet deep, at tenpence 
a-day, the price of coab being twenty shillings a-ton. 

It is scarcely necessary to add, that the radiating pipes 
may he best constructed of thin copper, and ought to 
be roughened and blackened on the outside* 

In the same way the calculation may he made for any 
other room, building, and number of occupants. 

For more extensive and minute information on the 
subject of warming, the reader b requested to consult 
the article Wabmino ajsd Vsntilatioh,'' in the 
Encyclopaedia. 

The form in which the radiating surfiuse may be distri- 
buted admits of variety. 

Provision must be made for the expansion and con- 
traction of the pipes. 

The arrangement of steam in the apartment to be 
heated is of some consequence. It is, we have already 
stated, sufficiently out of the way in the surbaj»e, buti in 
that case, much heat passes out into the walls and wood* 
It may stand on the hearth like a stove, and consist 
of concentric cylindric chests w ithin each other (fig. 24), 
filled with stouOf and aUowing air to ascend by the sides 
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Fig. 25. 



and tlirough die inter- Fig, 24 

veuiDg spaces, so as to 
be nutde wann^ and 
the outer maeface radia- 
ting directly on tlie siir- 
hee exposed* It may be 
tabular^ and coiled in 
a large quantity in a 
small box£tted up exter- 
nally in the appearance 
of a cabinet or pedestal 
in the apartment, thus : 
(Figs. 25 and 26) ; the 
feed pipe commencing 
at the top of the coilsj 
and the return pipe pass- 
ing off from the bot- 
tom. As the conducting- 
power of tin is nearly 
equal to that of iron, 
a quantity of tin pipe 
inll suffice, and be more 
economical than iron 
or copper. This coil 
may be placed in a cabinet or pedestal of the form of 
Fig. 26, and the warm air will hare free egress through 
the wire-work of the panel. 

The next diagram (Fig. 270 shows an arrangement of 
copper steam-TesselS) by which an extensive sur&ce is 
very efficiently exposed to the air, the condensed water 
being drawn off at the bottom. 

There is one case in which waraung by steam may 
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Fig. 26. 




Fig. 27. 
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be employed with especial advanta^e^ and where it is fre- 
quently neglected — where the power of steam is already 
employed to drive machinery. Let the engine employed 
be what is called high-pressure, or uon-condensing, in 
which the steam escapes from the engine and is passed off 
into the air; and, instead of the common plan, let the 
steam from the engine be conveyed in pipes through the 
apartments to be warmed, and let the diameter of the pipe 
gradually increase towards the end of its circuit, and finally 
terminate in a hot-water pipe, which may also circulate in 
the building, and there wiU be given out the whole original 
heat of the steam alter haying done its work in the steam- 
engine, and that as effectually as if there had been no 
steam-engine at aU, and the whole power of the engine 
will thus be dear saving. This will be the case to a still 
greater extent if the steam-engine work expansively, and 
may further be increased if the pipes be so formed as to 
constitute an aerial condenser. For further information 
on this subject see article STEAM-EEronns. 

2. Warming Hothousesy Greenhouses^ ^c.y h\j Steam. 

67* The principles which regulate this application of 
steam are similar to those mentioned already in Art. 66, 
and steam possesses the same advantages in the distribu* 
tiion of heat for this purpose, which it does in the cases 
already mentioned. The warmth th4s distributed is freed 
from those risks of injury to the vitality of the plants, 
which accompany the old method of warming by hot air 
flues, in which a contaminated and unwholesomely dry air 
and unequable temperature were inevitably produced, and 
an occasional annoyance from smoke. The warmth given 
out by the steam is of uniform intensity throughout the 
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whole length of the glass ; it oceQ|ne8 yery small space 

^— one furnace and chimney is all that is required for any 
extent of range of glasshouses^ as the steam may he con- 
veyed to any usual distance in well swathed pipes without 
sensible loss. The saving thus effected by the concentra- 
tion of the fire^ and by its equable distribution, has been 
found to produce an economy of mhre than one-third of the 
fuel commonlv used. At Sion House, the seat of the Duke 
of Northumberland, there are nearly a thousand feet in 
length of glasshouses heated by one such apparatus. The 
boiler and chimney may also be placed Mt a convenient 
distance from the houses — a circumstance which coutri* 
hutes much to the beauty of this arrangement. 

Those who wish to study the details of this subject are 
referred to Mr Loudon's Horticultural Works, and to the 
article HoRTicuiiTUBB," in the Encyclopsedia. The fol- 
lowing are the mechanical principles and arrangements 
that belong exclusively to this article. 

Our first subject of enquiry^ is into the amount of lieat 
requisite to sustain the glass at a ^^iven temperature 
higher than that of the external air ; if we take the torn* 
perature of the atmosphere at 35^, and that of the hot- 
house at 65^, gluing 30^ of difference, we shall haye a case 
approaching near to that of a glasshouse in winter. la 
order to determine this questioni which can only be as- 
certained by experiment, the author has examined a case 
upon a large scale, which may furnish a standard of com- 
parison. 

The large palm-house of the Botanic Garden of Edin- 
burgh is an octagonal structure, GO feet in diameter, and. 
45 feet high. Excepting stone pillars at the angles, and 
between the windows, of about three feet wide, the whole 



Digitized by 



152f 



biulding i9 glass, preseirtiiig a Sdrftice nlmosi exaccfy 

5000 square feet of glass. The quantity of fuel required 
in a cold atmosphere^ having a mean of 35^ is 1344 
pounds for 24 hours ; being at die rate of 269 Ihs. of coal 

for every 1000 feet of glass in a day, or 11.2 pounds an 
hour for 1000 leety or .0112 of a pound per hour for each 
foot. 

To confirm this observation, it was fhonglit proper to 
examine another house of different dimensions. The 
eastern wing of the great range of houses b warmed by a 
fire, which consumes half that quantity of coals, of about 
half the Talue, being dross of a bad quality ; so that its 
consumption ia about ^ of the other in real value, being 
about 672 lbs. of dross, equivalent to 336 lbs. of good coal 
in 24 hours. Now, the exposed glass of this wing amounts 
to about 1376 square feet, being at the rate of 243 lbs. to 
1000 feet — a result which is sufficiently near to the other, 
to allow us to assume 250 or 260 lbs. of fuel in 24 hours 
fi»r each thousand feet, ta a standard of tolerable accnracy 
in such cases. . It may be usefcd to add, that these houses^ 
are in tolerably sheltered situations, and that the glass- 
£Mse8 in every direction, so as to be acted on with toler- 
able uniformity. 

Hence we have the follow! n^:^ results: 

Temperatiffe of the air 35^— temperatmre of the hot-» 
house 65^. 

Heat sustained 24 hours, by 260 lbs. of good coal, for 
1000 square feet of glass. 
Heat sustained 1 ho«ir,by 10.4 Ibs^of good coal for lOOO 

feet of glass. 

Heat sustained 1 hour^'by 0i)lO4 lbs. of good coal, for 
one foot of glass. 
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' ' To find what atnoitmt of steami will be required to warm 

such a house, we have only to apply the calculations of 
Art. 66 ; 10.4 lbs. of good coal will convert seven gallons 
of water into steam ; therefore, a boiler of one horse's 
power is necessary to evaporate a sufficient quantity of 
water for the supplj^ of steam for each 1000 feet of glass ; 
that is to sajy for the palm«house alone^ a boiler of fiye 
horses* power would be required to furnish steam ; and 
this supposes the hot water of the condensed steam to be 
returned into the boiler immediately ; and if this were not 
the ease, six horses' power would be the sixe of boiler 
ordered for this purpose : hence>-> 

To warm a hothouse by steam, there is required the 
boiler of a steam-engine, reckoned at one horse's power for 
every thousand feet of glass. 

The method of distributing the heat through the rooms 
of the hothouse, is not a matter of so nice calculation as 
in a common apartment. There is much greater conve- 
nience for this purpose in a greenhouse than a common 
room, on account of the necessary vacuities under the 
ranges and beds. In general, a single circuit of steam-pipe 
four inches in diameter, round the apartment, with a re- 
turn pipe of equal dimensions laid parallel to it, is sufficient. 

It is, however, of great importance to provide a remedy 
ioT one of the practical inconveniences of steam. When 
the fire is not very carefully tended, as during the night, 
the steam in the boiler falls below the proper point, and 
the supply instantly ceases. This is remedied by the 
following method. Cast iron boxes, a foot square and 
five or six feet deep, are filled with stones, and ranged 
round the forcing rooms— aspipe passing into each of them 
communicates a supply of steam to them, and the stonea 
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thej oontain. The caloric entering fint of all with rapi** 
dity into the stones, is afterwards given out gradually by 
them to the house ; and the advantage of this arrangement 
Uf that even if neglect or accident were to occasion a teni« 
porary cessation of the supply, this heat would still continue 
to be given out from the matter of the boxes for several 
hours, until the defect might be remedied. These boxes of 
stones perform the same function for caloric that a fly- 
wheel does for mechanical power — absorbing it when in 
excess, and giring it out again when deficient* 

It is a yalnable hint to economy, which Mr Macnah 
has put in execution in his houses at the Botanical Gar- 
den, that the boiler flues should be extended to the green* 
house afiter they have left the boiler ; the remaining heat 
is thus given out to the hothouse, and the last degree of 
saving accomplished. With this arrangement a smaller 
boiler will suffice ; but it will not always be convenient, 
neither can a greater length than about 30 feet of flue be 
advantageously used in this way. 

3. On Evaporating and Drjfing Solutions, Cloths^ 
Paper^ Grain, Gunpowder, Sfc», Steam, 
68. We have already observed how well the peculiar- > 
ities of steam enables us to make use of it as a vehicle 
for the collection, transference, and distribution of heat. 
In addition to the ibcility with which it may be carried 
to a distance, and the uniformity of temperature resultine^ 
from it, we have this further adaptation to the purposes 
now under consideration, that the temperature can at no 
time become so great as to produce injury, or deteriorate 
the substances to which it is applied. Hence it follows 
that thickened liquids, strong solutions, and any porous 
solid matter impregnated with fluid may be evaporated. 
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Mid wlioUy separated from tlie fluid, without incurring 

the danger and suffering the deterioration resulting from 
direct application of the fire* And, further, hy the proper 
applieation of steam, as a conductor of heat, liquids may 
be warmed, evaporated, and even boiled in vessels of wood, 
which is in some cases, as in brewing and delicate distri- 
bo^ns, a matter of much importance. 

When any mixture or solution of a solid in water is to 
be evaporated by steam, it may be done in some of the 
following ways. 

(1.) The vessel containing the solution may have 
two bottoms, the interval between them being Med 
with water and steam, and the 'solution resting on the 
upper one, the fire is applied to the under one ; thus the 
Steam and water intervening between the solution and 
the fire, the latter is protected, as well as the vessel 
itself, from being burned when the process has nearly 
attained the necessary degree of dryness ; and the process 
of communicating the heat from the fire to the water 
takes place in the following manner ; the fire generates 
in the water bubbles of steam, which ascend from the 
lower to the higher bottom of the yessel, which is in 
contact with the solution and acquires its temperature, 
and, giving off their heat to the upper bottom, are condensed, 
and £sll down again to the lower bottom to acquire the 
accession necessary to rise, once more, in steam to the 
top. This plan has been successiuily usrd in making salt ; 
and it is necessary to have a safety and an atmospheric 
valve attached to the space between the lower and upper 
bottoms. The <j[uantity of heat required for the purpose 
of evaporating the water of the mixture is neither 
increased sensibly, nor diminished by the intervention of 
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the steam between the bottoms ; the nmnber of gallons of 

water to be evaporated from the solution will determine 
the quantity of heat by Art. 66. 

(2.) A secondmediod of producing e vaporationis to intro* 
(luce among the mixture a steam pipe, so as to wind amongst 
it either in the form of a helix^ like a cork-screw or worm 
of a stilly or to perform such a circuit as shall expose a 
large quantity of surface, with tolerable muformity, to the 
fluid for the absorption of heat £rom the stcaui. Copper 
is the best material for the tubes^ and wooden tanks lined 
with lead or tin will contain the mixture. The fuel 
required for evaporation will be 6 lbs. for every 3^ gallons 
of water to be evaporated, and the steam boiler must 
have one horse's power for every 6 gallons to be evapora- 
ted in an hour. 

(3.) A thirdmethodis theinyentionof Mr Groodletof Leith. 
The substance to be evaporated is forced by means of a pump 
into a long copper pipe, which enters a close steam boiler, 
and after winding through it so frequently as to eiqpose a 
sufficient surfiice for a sufficient length of time to acquire 
the necessary supply of heat from the boiler, again passes 
out from the boiler and discharges its heated contents into 
an appropriate reservoir, again, if neeessary, to be passed 
once more through the same process by the force pump. 
In this case the substance is brought to the steam boiler for 
evaporation instead of having the steam brought to it, and 
thus any loss of heat during the transit of the steam is 
prevented. 

A steam lain for drying grain has been used with 
great success by the same person. The grain is spread 
out on the iron floor of a large room — this floor is perfo- 
rated with a mullitade of small opening^, or fonned of a 



Digitized by Google 



MYtBG CLOTHS, VAFKR, &e* 157 



very fine grating ; immediately under the floor steam 
pipes of 6 inches diameter lie parallel to each other at 
small intervals apart, and radiate heat directly to the floor 
and the grain, and also to the surrounding air, which in 
this hot state ascends through the grain i numerous large 
Tentiiators being provided for the escape of the yapour 
thus impregnated with moisture, after it has ascended 
through the grain. This method has been found eflfectual, 
and is attended with less risk of injury than the ordinary 
one. 

In the processes of drying and printing cloths and 
fabrics of various kinds, rapid and complete drying is of 
much importance. This is effected principally in what h 
called a drvino- frame: this consists of a dozen of tin 
cylinders, a foot in diameter and 6 or 8 feet long ; these 
cylinders are dosed completely by two hemispherical ends, 
and are placed upon an axis in a frame, so as to revolve in 
contact with each other. Steam is conducted into all 
these cylinders by a pipe passing through the axis, which 
is hollow, and the joint is made steam-tight by a stuiling*- 
box similar to that of the cover of a steam-engine cylinder. 
A piece of cloth dripping from the dye-vat is passed 
through the frame once and is then perfectly dry. Of 
course, the quantity of steam required for this process is 
proportional to the number of pounds of water to be eva- 
porated from each piece, that is, to the difference between 
the weight of a piece when wet and when dry. The 
number of lbs. being ascertained, the fuel and power of 
the boiler are found from article 66. 

In tlie manufacture of paper the process of drying by 
steam is beautifully exhibited. The wet pulp, laid out on 
the web of wire cloth, is gradually strained as it approaches 
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the large hollow ejlmders, around which Itwmds for half 
a minute and then comes off perfectly dry finished paper, 
ready for use. This process is minutely described in the 
article ** Pafsb" of the Encyclopaedia. 

4« Warming Baihs, Boiling Liqtddsf DisHUing by 

Steam, 

69. To heat water rapidly, and in considerahle quantity, 
by means of a £re placed at some distance, is a problem 
frequently proposed; and steam for such a case is an ex- 
cellent vehicle for the heat. Let there be placed in a 
steam boiler 1 0 gallons of water, and heated into steam ; 
these 10 gallons conyeyed to a reservoir or bath of water 
at a distance, by a small lead pipe, will heat nearly 55 
gallons of water from 32^ to the boiling point, or 165 gallons 
from 40^ to the usual temperature of a warm bath. 
A bath of the ordinary construction will require about 
160 gallons, and the said 10 gallons will require 18 lbs. of 
coaly value sixpence. Besides this, the sides of the bath| if 
made hollow, may be warmed by the introduction of steam 
between the lining and the outside, at the same time that 
the water is warmed ; and the apartment may further, be 
heated with steam pipes from the same apparatus. 

The most eifectual method of communicating the heat 
of steam to water, is to pass the open end of the steam 
pipe from the boiler directly into the water to be heated, 
so as at once to mix with it. The mouth of the pipe, 
properly regulated by a stopcock, should enter at the 
bottom, and be directed from one end of the bath along 
one side towards the other, and thus the impetus of the 
steam on entering will communicate to the water a circu- 
lation highly conducive to an equable distribution of heat. 
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A very simple apparatus of this kind may be placed in 
the same apartment witii the bath itself. A boiler 4 feet 
long and 2 feet deep^ with a fire coTering a square of 18 
inches, will heat such a bath in three quarters of an hour. 
A copper boiler will be most eilective, and the steam pipe 
should first be matted with bondages of flaanel, and then 
stitched with canyass painted, from the boiler to where 
it enters the bath. 

In establishments where there are many baths, a reser^ 
Toir at the top of the bnildmg may be kept constantly 
filled with water ready to descend into the baths, the 
reservoir being supplied with heat from the steam pipe of 
a boiler placed in the outer buildings, or some other 
•suitable place. It is to be recollected that the boiler used 
must be what is called a one, two* or three horse power 
boiler, according as one hundred, two hundred, or three 
himdred gallons per hour are wanted; and so on for 
every additional hundred gallons of water at 100^ of 
temperature— one horse power of boiler for one hundred 
gallons. 

The same process may be used for healing and even 
for boiling a liquid or solution, in which no injui^y mH 
result from adding the steam of this condensed water to 
the liquid. In a dye-work, or other work where much 
boiling and many solutions are used, steam boiling in this 
manner is a process of great convenience and value. 
The vessels containing dyes of various kinds, including 
leys and solutions of various substances, in which doths, 
yarns, wools, and various materials are to be boiled, 
are ranged around a spacious apartment. Around this 
apartment, attached to the wall, cireulateB a steam pipe of 
two inches diameter, from which smaller branch pipes go 
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off to each of the boilers from the nearest point, and pass 
down to the bottom of their respective vessels. The exit 
of the steam is governed by a stopcock under the hand of 
the operator; and by this means he can easily, by allowing" 
a smaller or greater supply of steam to enter the liquid, 
produce a imiform and gentle simmer or excite an instan- 
taneous and tumultuous ebullition. Two e;>'cat advanta- 
ges give this method much superiority over the common 
mode of boiling by the direct action of the fire. The con- 
densed steam supplies to the solution exactly as much 
water as is lost by evaporation, so that it remains of the 
same strength through a protracted process, and there is 
no injury sustained by allowing the substances immersed 
to settle down and rest at the bottom. 

Where it is not allowable for the caloriferous steam 
to be condensed in contact with the liquid to be warmed 
or boiled, we must resort to the method of heating by sur- 
fiice ; that is to say, the steam must be conveyed through 
the mass of liquid by a pipe, or other conductor best fitted 
to give out the heat or retain the water. A very thin pipe 
of the purest soft copper is best for this purpose ; 2 inches 
in diameter and to J^of an inch in thickness will be found 
good dimensions, and a square foot of surface for every 10 
gallons of water to be boiled per hour will be required. For 
some purposes, It will be enough to wind the pipe in a spiral 
round the inside of the vessel to be heated ; but if the 
vessel be large, numerous pipes must pass through the 
liquid. For boiling 1000 gallons per hour, 200 feet of 
copper pipe 2 inches in diameter are required. 

In distillation by steam, the same method of communi- 
cating heat to the liquid to be distilled is employed as al- 
ready described in boiling. But the vapours of other 
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liquids having less specific calorie than water, a smaller 
quantity of stettin firom the boiler will be required to eva- 
porate them than to evaporate an equal quantity of water ; 
thus the heat of 1 gallon of water will evaporate and cause 
to be distilled 2 gallons of alcohol^ 3 of sulphuric ether, 
and 4 of turpentine. It is a curious phenomenon, of 
which distillers should avail themselves in carrying off the 
vapour in distillation, that although alcohol floats on 
water, and ether on alcohol, nevertheless the vapour of 
^ water floats above vapour of alcohol, and vapour of alco- 
hol above vapour of ether. 

The densities of water, alcohol, and ether 
being 10. a 7. 

and the densities 

of their vapours 6. IG. 2o. 
in round numbers. 

6 Preparaiion of Food hy Sieam* 

70. The last of the applications of steam which we 
shall here examine is that which was historically the first, 
its application to cooking and other domestic uses. This 
invention makes its appearance in the following record of 
the Royal Society of London. 

At a meeting of the Council of the Royal Society, 

December 8, 1680. 

Ordered, that a book intituled A New Digester, or 
Engine for softening Bones, &c., written by Denjs Papin, 
Doctor of Pliysick, and 1^'eliow of this Society, be printed 
and published. Chb. Wbbit. 

This work on the New Digester was accordingly 

published in 1681 ; " Containing the description of its 

make and use in these particnhirs, viz., Cookery, Voyages 

o 
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at Sea, Confectionary, Making of Drinks, Chymistry and 
Djeingt with an Account of the Price a good big Engine 
will cost, and of the profit it wiQ afford." 

The following list will show the extent to which the 
learned doctor had proceeded in applying flteam to the 
improvement of the dietetic art. It is copied from the' 
Index to the work. " (1.) How to know the quantity of 
pressure in the Digestor. (2.) How to know the degree 
of heat. (3.) How meat may be kept upon the fire three 
times as long as is necessary to make it ready, and yet 
it will not be spoiled. (4.) The same experiment made 
upon bones. (5.) How to boil mutton. (6.) How to 
boil beef. (7.) How to boil lamb. (8.) How to boil 
rabbits. (9«) How to boil pigeons. (10.) How to_boil 
fish. (11.) How to boil pulse. (12.) How to make 
jelly, very cheap. (13.) Glue for glasses. (14.) Harts- 
horn turned like Parmesan cheese. (15.) A macque- 
rel kept without salt. (16.) Salt water as good for 
nourishment as fresh water. (17.) To make sweetmeats 
at a cheap rate, and of a new taste. (18.) To make two 
sorts of drink with the same fruit. (19*) To make a 
new sort of wine. (20.) Tinctures drawn in the hun- 
dredth part of the time usually required for them. (21.) 
New ways for distilling. (22.) How to hatdi chickens. 
(23.) How to save the labour of grinding cochenille. 
(24.) To dye with thick juices. (25.) To make horn 
and tortoiseshell soft for a great while.^ 

This catalogue of uses of steam we shall shortly run 
over, as the modem uses of steam for cookery are princi- 
pally applications of Dr Papin's methods ; and as Taluable 
economization in the preparation of food on a large scale 

has resulted from thern^ especially in the extraction of 
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highly nutritious food from bones. A digester on the 
principLe of Dr Fapin's U used in eyeiy modem kitchen. 
Description of the Digester and how to use it safely.*' 



Fig. 28. 




A is abras8(or 
^er) cylinder, hol- 
low withiui shut at the 
hottom and open at ike 
top. B is another cy- 
linder inTerted upon 
it« C C are two ap- 
pendices or ears cast 
to the cylinder A A, 
as the trunnions of a 
piece of ordnance. D 
D are two pieces of 
iron put upon the ap- 
pendices at one end, 
and the iron bar £ £ at the other* F F are two screws, 
which senre to press both the cylinders A A, B B, against 
one another. G is another hollow cylinder, made of 
^lassy pewter, or some other materials, fitted to receive 
those things tiiat are to be induded in the cylinders A A, 
and B B, with water all round it. 

To use this engine with conyenienoe and ease^ it ought 
to be fitted in alumaoe built on purpose for it, and diould 
go on as far as the appendices C C ; so the fire being un- 
derneath, and the screws well £sstened, and a faece of 
moistened paper laid between the cylinders at the joint 
i i to make it steam tight, you may boil your meat as long 
as yon please without danger of wasting it by the ex- 
halation of the volatile parts. 

** To know the quantity of the inward pressure, you must 
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have a little pipe open at both ends as H H : this being 
soldered to a hole in the cover B is to be stopped at 
the top with a little yalve P, exactly ground to it. This 

must be kept down with an iron rod I M, one end of 

m 

which mnst be put into an iron staple M, £Eustened to 
the bar £ £, and the other end kept down by a weight 
N to be hung upon it nearer or further from the valve 
according as jon would keep it less or more strongs after 
the manner of an ordinary Roman balance, or steelyard. 

" To know the degree of heat, I hang a weight to a thread 
about 3 feet long, and I let fall a drop of water into a 
little cavity made for that purpose at the top of it, and I 
tell how many times the hanging weight will move to and 
fro before the drop of water is quite evaporated. 

JEvpetiment Having filled my pot with a piece of a 
breast of mutton, and weighed five oimces of coals, I 
lighted my fire^ and by blowing gave such a heat that a 
drop of water would evaporate in 4 seconds, the inward 
pressure heiug ahout 10 times stronger than the atmo- 
sphere : I let the fire go out of itself, and then the mutton 
was very well done, the hones soft and the juice a strong 
jelly. So that, having had occasion to hoil mutton sever- 
al times since^ I have always observed the same rule^ and 
never have missed to have it in the same condition, which 
I take to be best of alL'* 

Beef required 7 ounces of coal and the same heat, and 
the beef was very well boiled, althoti^h there were more 
parts of the bones not quite softened. Lamb, rabbits, 
and pigeons, mackerel, pike, and eel, were subjected to 
the same process; whence the doctor infers that the 

bones of youn^- Ixasts require almost as niucli fire as 

those of old ones to be boiled, that rabbit bones are 



Digitized by Google 



COOKING. 



165 



harder than those of mutton^ that tough old rabbits maj 
be nuule as good as tender young ones bj this meansy 
tliat pigeons may be best boiled with a heat that evapo- 
rates a drop of water in 5 seconds, that mackerel was 
cooked with gooseberries in a digester, the fish being good 
and firm, and the bones so soft as not to be felt in eating ; 
and lie particularly recommends, as an excellent dish 
cooked in this manner, cod iish and green peas. 

The most important of Papin^s experiments are those 
on the extraction of gelatine fVom Ijoiu s, as now done 
on a large scale in France and in this country, as also the 
manufacture of essence of meat, soups, &c*, especially 
suitable for long sea voyages. 

" I took," says he, " beef bones thai had never been 
boiled, but kept dry a long time, and of the hardest part 
of the leg ; these being put into a little glass pot with 
water, I included in the engine, together with another 
little glass pot full with bones and water too, but in this 
the bones were ribs and bad been boiled already. Having 
prest the fire till the drop of water would dry away iu three 
seconds, and ten pressures, I took off the fire ; and the vessels 
being cooled, I found yery good jelly in both my pots ; 
but that which had been made out of ribs had a kind of 
a reddish colour, which I believe might proceed from the 
medullary part, the other jelly was without colour like 
hartshorn jelly ; and I may say, that having seasoned it 
with sugar and juice of lemon, I did eat it with as much 
pleasure, and found it as stomachical, as if it had been 
jelly of hartshorn." Mutton bones ai'e better than beef 
bones ; and he infers (1.) that one pound of beef bones 
afford about two lbs. of jelly ; (2.) that it is the cement 
•(gelatine) that uuites the parts of the boucs, which is dis- 
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solved in tiie water to make it a jelly, since aA«rtliat, thtf 

bones remain brittle ; (3.) that few glutinous parts are 
sufficient to congeal nmch water, for I found that when the 
jelly was dried^ I had verj little glue [-ten ?] remaining; 
(4.) I used it to glue a broken glass, which did since that 
time hold very weU» and can be washed as well as if it had 
never been broken ; (5.) it is heavier than water, and sinks 
to the bottom; (6.) hartshorn produces five times its 
weight of jellj* 

« From all these experiments, I think it very likely, that 
if people would be persuaded to lay bye bones, gristles, 
tendons^ feet, and other parts of animals that are solid 
emmgb to be kept without salt, whereof people throw 
away more than would be necessary to supply all the ships 
that England hath at sea, the ships might always be fur^ 
nished with better and cheaper victuals than they use to 
have. And I may say, that such victuals would take up 
less room too^ because they have a great deal more noa- 
rishment in them in proportion to their weight. They 
would also be more wholesome than salt meat. Vege- 
tables, such as dried peas, may also be cooked by the steam 
of salt water without becoming salt." 

We have entered thus fully upon the work of Doctor 
Denys Papin, and the properties of his digester for 
cooking, and extracting jellies by high-pressure steam, 
because it contains nearly all that is at present practised 
in the preparation of food by steam. 

If to what has been already stated, we add, that if the 
steam of salt water be collected in a vessel kept cold on 
the outside, the condensed water will not be impregnated 
with salt, and may be used as food, the importance of 
steam in the economical and menial capacity of cook, will 



< 



Digitized by Google 



COOKING. 167 

be sufficiently apparent. The supply of water to the crew 
of a steam vessel may be obtained in this manner, and an 
apparatus for thus procuring fresh water from the con- 
densation of steam from salt water, has been used with 
advantage in ordinary ships. 

Fig. 29 contains the steam-cooking apparatus used in 
modem kitchens ; a a is a portion of the kitchen fireplace. 
In one of the divisions of it, h, is placed a steam boiler, 
furnished with the usual apparatus of feeding pipes, gauge 
cocks, &c. From this boiler a steam pipe, e e, in led 
idong the back of the cooking table d d, and at certain 
intervals, branch pipes, furnished each with a stopcock, 
project across the table at right angles to the main pipe. 



Fig. 29. 




The extremities of these branch pipes are conical, and 
made accurately to fit into conical sockets inserted into 
the cooking pans, one of which, is seen in its place on 
the table. These pans haye each a double bottom, the 
lower one close, the upper one perforated ; between the 
bottoms the socket before mentioned, through which 
the steam enters, is inserted. The manner of using 

* 
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this apparatus is simple. The article to he cooked is 
laid in its place on the perforated bottom of the pan, 
the lid is applied, and the pan is joined to one or other of 
the branch pipes, by its socket receiving the conical end 

Fig. 30. 




of the pipe ; the stopcock is now turned, and the matter in 
the pan is subjected to the action of the steam. Each 
pan has a crane in front, to allow of the condensed steam 
being drawn off. 
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The remaining part of tlie apparattis is ihe hot closet 
f f. This consists of a steam-tight iron box, containing 
shelves, inserted in another iron box of dimensions 'so 
much greater as to allow of a considerable vacuitj being 
between them ; into this vacuity the steam &om the boiler 
is permitted to flow, and give out its heat to the article* 
placed in the closet to receive it. 

Fig. 30 contains a steam-apparatus for cooking the 
food of cattle and horses, desigp:ied bj Mr Newlands of 
Edinburgh, a a is a steam boiler, furnished with man- 
hole, safetj-valve, gauge-cocks, supply pipe, and regula- 
ting float ; hf a water cistern, placed not less than six feet 
above the boiler ; c c, the steam pipe proceeding from the 
boiler, and extending along the front of the gauntree 
for supporting the casks or other vessels in which the food 
^s held. These vessels are hung on pivots, between the 
uprights, (of which one is seen in the drawing,) in such 
a manner as to throw the centre of gravity a little below 
the points of support ; and each vessel has a-^se bottom 
pierced with many holes, and fixed a few inches above the 
true bottom. When the contents of a vessel are to be 
discharged, the superintendent lays hold of the handle, 
seen in the front, and, by a little force, turns the vessel 
round its axis, until its front lip rest on the firont bar 
of the gauntree, which is placed so low as again to throw 
the centre of gravity of the vessel below the points of 
support ; the contents may then be emptied into a dose 
barrow, or other suitable vessel, or into a trough extend- 
ing along the front of the gauntree. 

The manner of connecting the vesnls with the steam* 
pipe remains to be noticed. From the main pipe e, 
branches are carried through the front bar of the framing 
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opposite fo the centre of ejery ▼easel, of which there may 

be many, although two only are represented. Fig. A ex- 
hibits a section of the maia pipe> the branch pipe» and a 
part of the bottom of the vessel. The branch pipe d 
terminates in a conical socket, aiul into this the plug fixed 
on the vessel c is Etted. When the vessel is in a vertical 
position, the connexion between it and the bofler is eom« 
plete ; but when, in being emptied, the vessel is overturnedj 
^he plug is withdrawn from the socket, and the communi* 
cation cut off. When the vessel b again restored to its 
vertical position, the parts again fit each other without 
trouble or care on the part of the attendant. The branch 
pipe is moreover furnished with a stop-cock, the handle of 
which is wrought by a rod from either an eccentric or 
a crank fixed to one of the 'pivots of the vessel. When 
the vessel is' overturned and the plug withdrawn, the 
eccentric shuts the stopcock, and prevents the steam from 
escaping, re-opening it when the vessel regains its ver-i 
ticai position. 
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None of the diversified and important applications of 
the steam-engine seems to he more curious or valuahle 
than the navigation of ships against opposing winds and 
currents — and in none of its applications does the steam- 
engine seeoQ^destined to occupy a position so imposing, 
as when engagecPMNA^ting a safe, rapid, and certain 
communication between provinces, nations, and conti- 

nents* ' ^****wi'f ' '^iMaiitT^ 

We are placed in that int h of time, whei 

steam-navigation is becoming an element, in the destiny of 
the human race, more important than any art or invention 
of which we possess the records, if we except, it may be, 
the art of printing. The whole surface of our globe is 
now being rapidly encircled by a network of lines of com- 
munication by steam. The widest ocean forms no longer 
a gulf of severance between the divided races of the hu- 
man family, but the waves alike of the Atlantic and Pa- 
cific bear along unharmed on their heaving billows, those 
trusty and indefatigable messengers of peace, amity, and 
civilization. Ere a few more years pass over our heads, 
there will scarce remain a speck of earth tenanted by our 
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fellow-men, wlitch vrill not haye been linked lo tbe great 

centres of civilization by a steam communication. Al- 
ready have those great morali at well as physical deserts 
of Africa been explored by steam ; already has tbe steam- 
ship threaded the mazes of the Pacific, laid open the 
wilds of New Holland, wound along the fertile Talleys of 
Hindostan, and broken tbe silence of tbe Tast solitudes 
around the Huron and the Erie ; and scarce a lake that 
gems the summits of the Alps, whose deep blue basin is 
not whitened by tbe foaming paddle and the crested 
prow. Diligent, faithful, untiring servants of the hu- 
man race, steam ships are now disseminating to erery 
dime tbe natural productions, the manufactores, the lux- 
uries!, the arts, the civilization, the literatore, tlie science, 
and tbe religion of the most favoured parts of the earth* 
Nations comparatively strangers^ are now brought into 
intimate communication ; people formerly enemies, are 
daily becoming reconciled, and reciprocating those kindly 
feelings which the consdonsness of mutual wants and 
tbe interchange of mutual benefits are sure to engender 
and mature; thus national prejudices and antipathies are 
rapidly wearing away ; and those who watdi with care 
tbe progress of the human race, and extend their philo- 
sbphic regards beyond the sphere of ordinary observa- 
tion, see plainly in the rapid and wide extension of steam 
navigation, a mighty power at work for tbe reunion in 
the bonds of eternal friendship of all the severed branches 
of the human family, and for the universal reign of order 
and liberty, peace and concord, sdence and religion. 

To Great Britain, the art of steam navigation bas been 
of peculiar importance. Her insnlar position and in- 
dented coasts, have demanded of ber tbe sedulous culU- 
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Talion of a Tehicle lo well adapted to mereaatUa oom- 

mnnication. Her mineral wealth, and lier mechanical 
resourcesy have peculiarly fitted her for its adoption, ex- 
tension, and improYement. And the existence of our 
immense and valuable and wide spread colonial empire, is 
now indacing the government of Great Britain to draw 
more dotely arband her thoee children of her toil, those 
feeders of her wealth, those consnmers of her indnstry, 
by the most gigantic system of colonial steam communi- 
eatioa which has ever been concdvedy and which is, in 
part, already executed, and is now in rapid extension. 
And, lastly, if it be possible that enlightened and civi- 
lised nations can be supposed capable of ewer again per- 
petrating the atrocities of mntual war, steam navigation 
will become to Great Britain the most valuable of her 
defences, and one in which she wiU possess that nnqnes- 
tinned snpremacy which she has always wielded in the 
cause of order, liberty, and peace. 

It is astonishing with what rapidity the extension of 
eteam navigation has taken place in this eonntry. As a 
practical art, it is hardly a quarter of a century since navi- 
gation by steam was introduced* The following state- 
ment by her Majesty's Commissioners on steam nariga* 
tiou, will show the amount of capital and enterprize 
already duected into tliis new channel: — 

The total number of British and Irish steam-vessels, 
including those registered in Guernsey, Jersey, and 
Man, amonnts to 766 ; of these 484 may be considered 
as river steamers, and small coasters ; and 282 as large 
coasters, and sea-going ships. 

The increase in 1837 over 1836, was 78; and that of 
18d8 over 1837, 59 registered vessels. 
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^tiee this ttatement was pabtished, and while this ar-^ 
iiele is passing tbroQgh the press, there are being pre- 
pared for sea, besides the usual additions to the same 
navy of yessels of a smaner dassi a fleet of 20 ocean 
steamers, of from 1200 to 1400 tons, and 400 to 500 
horse power — the property of British merchants re- 
ceiTing enoonragemeat from onr govemmeat. The 
amount of capital thai aioat m steam ships, is from ^ve 
to six millions* 

The steam eommnnication of America has made strides 
equally gigantic, m a direction different from that of 
Great Britain, but equally accordant with her political 
circumstances and geographical position. To a yonog 
nation, occupy lug an immense tract of eomitry, and of 
course, without the amount of accumulatioas necessary 
to connect phuses both distant and compantiTely nnpo« 
pnlons, the formation of the necessary roads or railways 
was next to hopeless. Nature had provided a way at 
once smoother than the most perfect railway, and having 
the power of immediately renewing the smoothness and 
perfection of its own surface, however deeply furrowed 
by the trad^ of a moving body. It only remained for. 
art to provide a vehicle and power capable of eliciting 
from those noble rivers the services to which they are 
adapted : American energy and enterpriae have not been 
slow to turn those liqnid highways into Unes of the most, 
astonishing and rapid intercourse which is to be found 
in the whole world. We frankly admit, that the river 
steamers of America stand in every respect in science, in 
beauty, in magnitude, in speed, unparalleled by the river 
steamers of our own or any other country. By a late 
return from the Secretary of the Treasury of the United. 



Digitized by Google 



8TXAM NAVIOATION. 



Stateif it appears that the whole number of ateam boats 
aseertained and estimated to be in Ammca in 1888, is 

from 700 to 800. " On the western and south-western 
waters alone, near 400 vessels are supposed to be rnn- 
aing, where none were used till 1811 ; and where in 1884, 
the number was computed to be 234. On the Ohio 
rWer alone, in 1837, 413 different steam boats are re- 
ported to hare passed through the LonisTille and Portland 
Canal. As an illustration of the rapid increase of business f 
in steam boats on the Ohio, the number of their passages 
tluronghoat the LonisTiUe Canal was, in 1831, 406 pas-' 
sages, and 1501 passages in 1837, being nearly fonrfold in ' 
6 years." The same document also contains the following 
aTOwal : It is a matter of snrprise, that so few of these 
are sea«going vessels, considering that the first steam I 
boat which ever crossed the Atlantic, was built in New 
Yorlc as long ago as 1819* The " Savannah went from 
Savannah to Liverpool in twenty-six days. The Robert 
Fulton, in 1822, made several trips to New Orleans and 
Havannah. The government of the United States never 
owned but two Tossels of war — both called * the Fnlton,' 
tiie first was lost by accident, in 1829 ; and the second 
was built in 1838." It appears, therefore, that the peo^e 
of America, and those of Great Britain, have each at* 
tained the superiority in those branches of steam navi- 
gation for which they possessed the greatest national 
facility, and to which they were niged by the strongest 
necessity. 

The object of this short article on so important and ex- 
tensive a subject, is necessarily limited. We design to gi ve, 
in the first placey an account of the manner in which the 
. practical art of steam navigation came to i>e introdnced 
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ia Ckeat Biilain, and gradually matured and extended 

in America and at home. And, in the second place, to 
present an accurate representationy in outline, of the 
pratent condition steam navigation. The diffiealty of 
presenting an aecurate history of steam navigation is 
great, owing chiefly to the doubts and disputes of con« 
tending parties for the honour of the inyendon. We hare 
endeavoured to avoid these, by limiting oor enquiries to 
the history of some of those efforts by which steam navi< 
gatiMi was actually and immediately introduced into this 
country and into America, omitting or passing slightly 
over those many ingenious devices, which from time to 
lime have served to demonstrate the ingenuity of indi- 
viduals, or to illustrate the fertility of human invention^ 
rather than to achieve any permanent influence on the 
vrel£u*e of mankind* In the latter part of the work, we 
have endeavoured to give an accurate view of the present 
state of steam navigation as the most improved practice 
has presented it to us, without entering into the multi- 
farious practical details, which would not only have un- 
fitted it for the general reader, but would also, from the 
.transition state through which the art continues to march 
with rapid pace, he very soon rendered inapplicahie by 
the continual iutroduction of novelty and improvement. 



CHAPTER L 

Invention of Steam NavigaHonm 

We regret that the limits and nature of this work do 
not permit us to enter largely into the detail of the inter- • 
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eiting labours of all the ingenioiu men who have from 
lame to time displayed great skill in combinations of me- 
dumismi connected in varioas degrees of intimacy or 
remoteness with the sabject of this notice. It is, how* 
ever, quite necessary that we should limit onr enquiries 
to the immediate discussion of this important historical 
^aestion^ Who are those men to whom society immedi- 
ately owes the benefit of Navigation by Steam, that 
mighty power now carrying so rapidly forward the civili- 
sation and prosperity of the human race ? To this alone we 
must confine onr attention^who are the indiTidoals with- 
out whose exertions we should have failed to be now en- 
joying the benefits we possess, and to whom the gratitude 
of onrselyes and onr posterityls to be heartily awarded ? In 
this limited but more correct view of the subject, we shall 
no doubt be compelled to omit an interesting chapter of 
Inyention-^the inyention not of steam navigation itself, 
but of things concerning steam navigation. We shall 
have thus to omit the extended notices we might have 
introduced concerning the contrivances of the Ancient 
Egyptians, who used cattle moving round in a gin placed 
in a boat, to turn paddle wheels like those of the com- 
mon stemn boat, and so constructed ships propelled by 
four and six oxen power. Thus also we have to pass 
lightly over the interesting account which has been given 
of a similar employment of paddle boats by the Romans 
during the time of the Commonwealth to transport 8ol« 
diers to Sicily, and an experiment of Prince Ruperti 
whose wheel boat beat the king*s barge with sixteen 
oars, and 8avary*s Navigation Improved, in which it Is 
proposed to propel vessels in calms by working the capstan 
connected with paddle wheels on the Tessel s sides, as 
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well as Biwliiiel's reTolTing can, and the hone tow-yetael 
employed to take out thipa from Chatliaiii in adTerae 

winds, as far back as ] 682. Besides all of which, there 
are (he galleys of Vaitarias and the LibumeB mentioned 
by PandroUns in his ** Uutory of many MemoraUe 
Things lost which were in use among the Antients," 
where he says, <^ I hare seen representations of some 
ships ealled Libornas which had three wheels on both 
sides without, touching the water, each consisting of eight 
boards jutting out from the wheels about an hand's- 
breadtb, and turned by six oxen within, which by turning 
on a gin stirred the wheels, whose fellies driving the 
water backward^ moved the Libam» with such a force, 
that no trireme galley was able to match thenk** And 
besides these, we might have derived some entertain- 
ment from examining the mechanism of the pastor of 
BemOy who piously regarded the works of natore as 
the fittest patterns of art, and has been proposed as 
a candidate for the honour of inventing the art of steam 
navigation, liecanse at an early period he had pro- 
posed to suspend to either side of a ship two gigantie 
duck's feet to be propelled by a steam-engine, and by 
opening and shutting like huge umbrellas on each side of 
the hull to propel the vessel through the water-— a project 
again revived by another candidate for the honour, the 
late indefatigable Stanhope. And to these we might 
have added the piston and rack of Papin ; or, had time 
still further served, we might have followed, through its 
multifarious phases, the scheme for propelling by reac- 
tion, and first of these, the experiment of propulsion by 
firing a huge cannon backwards from the stern of the 
vessel, whereby it was ascertained that thirty barrels of 
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gunpowder forwarded the boat ten mUes in twenty-four 
hours ; a plan improved by Dr Alhm in hia proportion 
to form a tunnel or pipe open at the stern, or hinder part 
of the yesiel, and by means of a pump driven by a st^am- 
engine to force water or air through it into the sea, so 
that by the reaction this would occasion the ship to be driven 
forward, « thereby imitating very accurately what the Au- 
thor of Nature has shown ns in the swimming of fishes, 
who proceed by protrusion with their tails,' --or indeed 
the thousand-and-one Inventions of each and all of those, 
and similar schemes, produced and reproduced over and 
over again. But these and all such schemes, alternate- 
ly ingenious or preposterous, plausible or absurd, we 
are compelled to pass over, and to bring our readers 
at onee to the invention of steam navigation as it now 
exists. 

It has been very usual to attribute the invention of the 
modem art of steam navigation to Patrick Miller, Esq. of 
Dalswinton, in Dumfries-shire, in Scotland. Two com- 
petitors have contested his claim. We shall soon see 
that to no one of the three can the palm be awarded. 
The creation of the steam-ship appears to have been an 
achievement too gigantic for any single man. It was 
produced by one of those happy combinations in which 
individuals are but tools working out each his part in a 
great system, of the whole of which no single one may 
have comprehended all the workings. The individuals 
who have contested the tiUe of inventors of steam navi- 
gation, are Patrick MiixER, Jambs Taylor, William 
Symington. 

After long and patient examination into the claims of 
these parties— after having gone over the papers, pub- 
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lished and uBpoblUhed* of the parties advocating tiio 
claims of each candidate— afler having examined all the 

individaals whose personal tefltimony to the facts of the 
case we have been able to obtain — after weighing the 
circmnstancea in which the evidence has been obtained and 
the testimony given, we have to present to our readers, 
as the result of the whole, this conclusion^ that tlie art of 
steam navigation was the joint invention of these three, 
Patrick Miller, James Taylor, and William Symington; 
that to their efforts the world owes its present advan- 
tages. 

The following history of this remarkable combination 
is that which, among much conflicting evidence, appears 
to contain such facts as are of undoubted authenticity 

Mr Miller was a man mncft addicted to mechanical 
pursuits. He followed out such experiments as he oon« 
ceived likely to advance the public welfare, with energy 
and without mncb regard to expense. That species of gun, 
now universally known as the carronade, was his invention, 
and the result of a long and expensive course of experi« 
ments in artillery. At the time when the history of steam 
navigation commences, he had been engaged in attempts 
to improve naval architecture. For this purpose be com- 
menced by building ships of a much greater length pro- 
portionally to their breadth, than formerly in use. To 
render these long narrow vessels capjable of carrying sail, 
they were to be united in pairs, to form what is called 
the twin-boat, and even in groups of three laid side by 
side, to form a triple boat, one of which he presented 
to the King of Sweden. Mr Miller was also engaged al 
the same time in a series of experiments on the efficiency 
of different methods of propelling vessels by other powers 
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than the force of wind. For this purpose he conceived 
a wheel) now oommonly called a paddle wheels to be the 
most efifeetire^ baFing^ the armi of the wheel immeraed in 
the water, and flat boards placed on the spokes, at right 
angles to the direction of motion ; it was only necessary 
to apply the strength of men to the crank handle of the 
wheels, and turn them round in order to propel the ves- 
sel forward by means of the resistance of the water to the 
floats of the wheeL By this means Mr Miller proposed 
to propel vessels in calms, or off a lee shore.* 

In 1787 Mr Miller published an account of his naval 
eiq»eriments in a small volnme which he printed at £din- 
hnrgh, in the French and English languages, and illns* 
trated with plates and descriptions ; and copies of it were 
presented to every sovereign in Europe^ to the American 
States, and the Royal Societies of London and Edinhmgh, 

This work is the more interesting, on account of con- 
taining the first announcement of the great experiment 

• We do not find that Mr Miller any where claims absolute 
property in the invention of paddle wheels. We find the Roman 
8oldiers were ronvo\ cd to Sicily in wheel boats, driven by oxen. 

It is also said that there exist some ancient paintings on Eoif- 
TiAN tombs which represent paddle boats propelled by oxen. 

With the use of wheel boats for purposes of war, it appears 
that the Chinesk have long been well acquainted. In the ** Me« 
moires concernant I'histoire, les sciences, h's arts, &'c. des Chinois," 
by the Jesnit missionaries at Pe-Kin, there is, at page 343, the 
following passage " Fi,f»-. 94, pourroit donner lieu a quelque 
invention utile pour faire avancer nos vaisseaux en terns de ealme." 
On turning to the figure, we find the following very respectable 
war junk with two paddle wheels on each side, and this description 
. — " Barque a roties" — forty-two feet long, thirteen feet wide. 
The wheels are in a recess, a foot wide, enclosi d by strong 
planks ; from the centre of the wheels there project oars, forming 
as it were teeth to the ^\ heels, which project into tlie water to a 
foot in depth. The wheels are turned by men inside the boats. - 
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on steam navigation. The following passages from the 
book itself will enable the reader to judge of Mr Miller's 
merit, and may perbaps senre to tbrow some light on the 
character of the man : — 

Inrentions which hare a tendency to promote the 
happiness or to increase the comforts of mankind in gene- 
ral, should, as soon as they have been brought to any kind 
of maturity, and can be described with tolerable precision, 
be commanicated to the world at large. Impressed with 
this sentiment, 1 have caused to be engraved a plan and 
yiews of a triple vessel, constructed on a new principle 
and also a plan and new of a wheel to give her motion 
throngfa the water. 

The years I have applied myself to this subject, and 
the many experiments I have made with Tessels which I 
eansed to be built for the sole purpose of improving na^ 
val architecture, have given rise to the invention which 1 
now communicate. 

<* The first and principal property of vessels con- * 
fltructed upon the plan here communicated, is derived 
from the wheels, the mechanism of which is simple and 
obvioos. To work them, seamanship is not requisite ; for 

Tig«ra' heads are represented on moveable pannels, covered with 
brass, five feet high, and two feet wide, for the porpose of cover* 
- tng the soldiers in the boat from the enemy, and tbej are removed 
when it is intended to leave the veeseL" 

Wheel boats seem to have been one of Mr Savary's &vomrite 
projeets before he invented hie steam-engine. Indeed, from the 
fifteenth to the end of the dghteenth century, they seem to hav^ 
heen tahea np incessantly by one projector after another, as an 
ezcdlent mode of propelling. 

In this country, horses were nsed for turning round paddles, 
and propelling a boat, at the end of the seventeenth century ; and 
it is not long dnce they were lo used in America in coonnon 
semr-boata. 
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it can be performed even by tbe mott ignoraBt, streng^ 

and agility in the men employed being all that is requi- 
lite. From the experiments I hare made in different 
yesseli with the wheels wrought by cranlss^ as shown in 
the plan, it appears to me that ships, however great their 
burden, if there be no wind, and tbe water is smooth, may 
be made to pass through it at the rate of from three to 
fonr miles an hour. 

When the movement of the wheel comes to be aided 
by mechanical powers so as to accelerate its rerolution, 
the before-mentioned rate of a ship's going through the 
water, will be in proportion to the power used. I have 
also reason to believe that tub power of tue st£AM- 

BNOIME MAY BE APPLIBD TO WORK THE WHEELS 80 A8 

TO GIVE THBM A QUICKER MOTION, and Consequently to 
increase that of the ship, hi the course of this summer I 
intend to make tbe experiment ; and the resulti if favoor* 
able, shall be communicated to the public.*' 

The reader will thus be able to ascertain, how far Mr 
Miller's experiments had prepared a suitable vessel and 
mechanical apparatus for tbe reception, and successful ap- 
plication, of the steam-engine. But we should do injustice 
to the second member of the illustrious triumvirate, did we 
delay any longer to introduce to our readers Mr Taylor* 
We shall probably afford our readers a greater gratifica- 
tion by allowing Mr Taylor to introduce himself to them, 
" propria persona" In the antnmn of 1785, (says Mr 
Taylor, in a narrative drawn up by himself, the antben* 
ticity and genuineness of which appears to us beyond E 
doubt,) I went to live in Mr Miller's family as tutor 
lo his two youngest sons. I found him a gentleman of 
great patriotism, generosity, and philanthropy, and at 
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Ike tame time, of a very speonlatiTe tarn of mindt In 
the tommer of 1786 I attended lum repeatedly in his 

experiments (on paddle-wheel boats) at Leith, which I 
then viewed as parties of pleasore and amasenenti Bat 
in the sprmg of 1787, a circnmstanee oecnrred which gave 
me a different opinion. Mr Miller had engaged in a 
Slulbg match with some gentlemen at Lieith, against a 
enitomhonse hoat} a wherry which was redconed a first- 
rate sailer. A day was aj^inted, and I attended Mr 
Miller. His was a double vessel, sixty feet deck, pro- 
pelled by two wheels, turned by two men each. We left 
the hat'boor in the forenoon, and sailed about for some 
hoars in the frith ; but the day falling calm, the ens* 
tomhoose boat could make little way. We landed on 
Inchcolm where we renuuned some hours waiting for a 
breeze to spring up. This accordingly happened in the 
afternoon— a very fine breeae from the west, and fair fur 
^he harbour of Leith. The customhonse boat was ma- 
naged by a Mr Weddel ; Mr Miller managed his own, 
manned by four men at the wheels, and we started at the 
same time fot a fair run to the harboor. Oar vessel beat 
by a few minutes. Being then young and stout, I took 
my share of the kbour of the wheels, which 1 found very 
severe exercise ; but it satisfied me that a proper power 
only was wanting to produce much utility from the in- 
vention. I was now led to converse with Mr Miller 
more firequoatly on the saliject than formerly ; and 1 ob- 
served to him, that unless he could apply to them a more 
commanding power than that of men, I was afraid the 
invention would be of little use. He answered, * 1 am 
of the same opinion, and that power is just what I am in 
search of. I will explain my views — my object is to add 

mechanical aid to the natural force of the wind ; to enable 

Q 
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T«8tek to ftToid or extricate themselves from dangeroos 
iltaatiofiSy when they cannot do it on their present con- 

straction ; and I wish also to give them powers of motion 
IB time of calm. I am satisfied a capstan well manned 
can effect this purpose in part ; hnt I want a power more 
extensively u^ful, which I have not as yet been able to 
attain. Now that you understand the subject^ will you 
lend me the aid of your head, and see if yon can suggest 
any plan to accomplish my purpose?' It became thedidly 
subject of our conversation at leisure hours ; we talked 
of many plans, but none of them satisfactory, or prefer* 
able to the capstan* At last, after beating over the whole 
system of mechanics, 1 said, < Mr Miller, / can suggest no 
power equal to the eteam-engine^ or so applicable toyowr 
purpose,' He expressed some surprise, and said, < That 
is a powerful agent, I admit, but will not answer my 
purpose ; for when I wish chiefly to give aid, it cannot 
housed. In cases such as that disastrous event which 
happened lately, the wreck of a whole fleet on a lee shore 
on the coast of Spain, every fire on board must be extin- 
guished, and of course such an engine would be of no 
use/ We continued onr conversations, and very fre- 
quently reverted to the steam-engine. In the mean time, 
every wreck recorded in the newspapers called forth the 
philanthropic feelings of Mr BTiller, and excited a strong 
desire to accomplish his purpose of preventing the waste 
of human life and property. The more I thought of the 
business, the more I became saUsfied of the propriety of 
applying the steam-engine ; and in various conversations, 
urged it as at least worthy of attention for inland naviga- 
tion, riversi canals, &c.» if not for the purposes of general 
navigation. 

Mr Miller at last said, * Mr Taylor, you are right. 
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If we cannot accomplish the whole, we may a part ; but 
will you show me how yoo will connect the engine with 
my wheels, and I will think of it.' " 

This conversation took place at Dalswinton in the 
summer of 17S7, and it was subsequent to this conversa- 
tion that Mr Miller wrote his treatise on shft^s, in which 
he first suggested the application of the power of steam to 
propelling ships by paddle wheels, a suggestion which re- 
suited fi^pm this conTersatton. 

In an agricnltnral county of Scodand, remote fi^m the 
mechanical skill and industry of the capital, it was not 
possible to proceed further in the prosecution of their 
project than to strengthen each other's good resolutions 
by frequent and earnest intercommunication. The ap- 
proach of winter brought with it the usual return of the 
Dalswinton party to the metropolis. It now became pos- 
sible to take active measures for carrying their schemes 
into operation, and it was now for the first time that Mr 
Miller was introduced to the sagacious and accomplished 
mechanic, who will henceforth occupy a prominent place 
in this history, as the last member of our illustrious triad 
«-*-the inventors of steam navigation. 

William Symington was the schoolfellow and early 
companion of James Taylor. They were natives of Lead- 
hills, and were both educated at Closebum school, in 
Dumfries-shire, with the view of being sent to the Uni- 
versity ; and it seems probable that they were not only 
fellow- students at the same oollege^ but that they occu- 
pied the same rooms. Symington had originally been de- 
signed for the Scottish church, but was led into a different 
profession by his love of mechanics, and he became a mi- 
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ning eDgineer. For the early appreeiatioii of hii merit 
he was indebted to Gilbert Measooi Esq. of Wanlockhead 
Lead Mmea, and he appeiurs to hare enjoyed thiongfa life 
the benefit of that gentleman's friendship and atnatanee. 

Mr Symington had at an early period directed his atten- 
tion to the improTement of the steam-engine; and his 
principal aim seems to have beeui the eonstraetion of a 
compact and portable steam-engine adapted to the pro- 
duction of a continuous revolving motion. In this at- 
tempt he was perfectly sncoessfnl^so mnch so indeed 
that he proposed applying his engine immediately to 
that object, and bad actually constructed a working 
model of his steam carriage* at the yery moment whea 
the two projectors at Dabwinton were considering the 
feasibility of applying the same power to the paddle 
wheels of a ship. Thus almost simultaneously were pro- 
jected the first terrestrial locomotive engine, and the first 
aquatic steam-engine. 

It was during those conversations in which we left the 
two projectors so deeply engaged at Dalswinton, that Mr 
Taylor bethought himself of calling in to their assistance 
the mechanical skill and ingenuity of his old friend, 
Symington. Symington was then employed in his pro* 
fessional occupations at Wanlockhead Mines, and Taylor 
seems to have written him a full account of the plans 
they were concocting at Dalswinton, for there is in Mr 
Taylor's possession the following note from Symington 
to Taylor, bearing date August 20, 1787 : — " I must make 
some remarks upon your summer s inventions, which, if 
once made to perform wliat their author giyes them out 
for, win nndonbtedly be one of the greatest wonders 
hitherto presented to the world, besides its being of con- 
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sidertble raM^imieDt to the projeelor. Great nraeeM to 

yoUf althoDgh overtumiiig my schemes." No steps were> 
howcfTori taken in theproseeiition of the icheme nntU there- 
torn of Messrs MQler and Taylor to Edinhorgh, in Deoem- 

ber, when they proposed to inspect the machinery of Mr 
Symington's model steam carriage, for the purpose of 
eoneidering its applieahility to their pnrpoee of taming 
round their paddle wheels. Mr Miller and Mr Taylor 
accordingly met Mr Symington in Edinburgh, immedi- 
ately on their return, at the house of Mr Meaion, where 
the model of the locomotiye engine was then deposited^ 
and conversed with Mr Symington on the practicability 
of adapting a similar engine to that which turned his car- 
riage wheels, to the purpose of taming the paddle wheels 
of Mr Miller 8 boat. In this very simple transposition of 
paddle wheels in the place of carriage wheels, Mr Sy- 
mington appears to have seen no difficulty, nor was it 
likely that he should do so, for his locomotive engine ap- 
pears, on examination of its plan, to have required but 
little change to adiq^t it to this application^ and Mr 
Symington seems at once to have expressed his confidence 
in the applicability of his portable steam-engine to the 
paddle wheels of Mr Miller's boat as proposed by Mr 
Taylor, and to have undertaken the necessary adaptations. 

The boiler of this engine was compact, and con- 
tained the fire wholly within ity and as the cylinders 
of the engine were already applied to tum round a wheel 
with a continuous motion, the most ordinary mechani- 
cal arrangement was enough for the application of it 
to tiie paddle wheeL The resolution to do so was at 
once adopted; an engine on Mr Symington's plan was 
constracted under his superintendence, and that of Mr 
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Taylor; the eylindm and otber eastings were made 

by George Watt, a founder at the back of Shakspeare 
Square^ in Edinbargh, in the summer of 1788, and 
were sent off to Dalswinton, wfaere they were put toge- 
ther by the two young men, and in October the task was 
accomplished ; the engine, in a strong oak frame, was 
placed in the pleasure boat, the boiler being parallel to 
it on the opposite side of the vessel, and the paddles in 
the centre of the boat. The machine was first put in 
motion on the lake at Dalswinton, in the middle of Oe^ 
tober 1788, and a more complete, successful, and 
beautiful experiment, was never made by any man at any 
time, either in art or sdence. The veasel moved de* 
lightfully, and notwithstanding the smallness of the cy- 
linders, (four inches in diameter,) went at the rate of five 
miles an hour." Here the vessel continued to ply for 
some days for the amusement of the projector, and to 
the astonishment of the country people, who assembled 
from all quarters to witness the wonders of a boat dri- 
ven by reik,** (smoke.) After having satisfied its pro- 
jectors, the engine was removed into the library of Dal- 
swinton house, where it stood for along time as an orna- 
mental modeL 

w 

Thus, therefore, was completed, in the year I78B, a 
perfectly satisfactory trial of that great modem invention 
—the system of propelling vessels by means of paddle 
wheels driven by a steam-engine. We believe that there 
has never since that time been constructed a model steam 
vessel on the same scale, that has attained a greater ve- 
locity. The combination of men was admirable; the 
patriotic and weadthy experimentalist, the sagacious pro- 
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jector, the ingenious and experienced mechanic — Miller, 
Tftylor, SymiDgton. This happy union produced the 
modem •team-ahip. The mm who knows how ez« 
tremely diffienlt a problem it is at the present day> with all 
our own experience and knowledge added to that of those 
gone before us, to produce a good steam ship ; who knows 
how many are the points in which hUl errors may be 
committed, and failures result, will be able to appreciate 
the foil measore of merit which comes to those men^ who, 
at that early period, in the infancy of constmctiTe machi- 
nery, produced a steam-vessel which, on so small a scale, 
attained the Telocity of fire miles an hour. A full ac* 
count of the experiment was published in the newspapers 
of the day. 

We shall by and by see that it is to this experiment, 
directly and immediately, that society owes all the bless- 
ings it derives from an art which has now attained a 
wonderful degree of perfection and a boundless sphere of 
usefulness. It is from this experiment that all the otheri 
to which society has been wont to look back with grati- 
tude, have been primarily and immediately derived ; and 
it is to these men that the ererlasting gratitude of all na- 
tions, and most of all of the Ocean Queen, is to be in all 
truth and sincerity for ever rendered. Since tliat day^ 
many others have done much to carry forward the inven- 
Uon, to perfect its details, and to extend its nsefnlness. 
To them be their meed of praise in due time cheerfully 
given. Theirs, too, was merit, this the brightest But 
these labours are not yet ended* 

Satislhetory as was the result of this first experiment, 
it did not fulfil all the patriotic purposes of the three. 
A model ship e^en so laigo as this, might succeed and 
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ttill Iwve it doubtful whether a lai^r seale might not ' 

impair the efficiency of the contrivance. It is indeed, 
only too often the dire experience of the enthusiastic io- 
TentOTy that his pretty little model conceals those defects 
whidi on a larger scsle become fatal to his doTice. Mr 
Miller was well enough versed in experiments to know 
thisy and determined to pat the new system to the test of 
an expensive trial on the large scale* From this deter- 
mination, resulted the second steam boat. 

We have seen, that the Jirst steam boat was cons^ncted 
at Dalswinton, in 1788. The ieeond iteam boat was con- 
structed by the same three at Carron, in 178D. 

Before it was fairly agreed to undertake the new ex- 
perimenti the winter season of (1788) was too near to 
admit of much being accomplished, and further progress 
was postponed until the following summer. It was pro- 
posed to make the second experiment on the Forth and 
Clyde CanaL For this purpose, Mr Miller's large plea- 
sore boat which we have already mentioned, as having 
been propelled by paddle wheels driven by men, in the 
race bi which the sailing vessel was beaten by it, this very 
boat, also a twin boat was sent up from Leith to the 
Forth and Clyde Canal at Grangemouthy on the Frith of 
Forth, to receive the new steam engine to he provided 
for it-^this large vessel being 60 feet long, was to be 
propelled by engines of much greater power, and cylin- 
ders of 18 inches diameter were proposed for the engines. 
It may be imagined by some one, that defects had been, 
discovered in the mechanism of the first steam boat, so as 
to render a second experiment necessary in which these 
deficiencies might be supplied, and former errors cor- 
rected. It is very important to prove that this was in 
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no respect true— •tlie details of tbe «teaiii-€ngine» and of 

its connexion with tbe wheels and the construction of the 
boiler from which the modem marine boiler carrying the 
fire witbin it wbollf rarroonded by water — all these re- 
quired no change whatever — the second steam boat was 
in all respects a larger machine than the first, but identi- 
cal in constrootion, being an engine of abont (wehe horse 
power — whereas tbe first bad been only about one borse 
power. So soon as the winter session had passed away, 
and Mr Taylor s duties as college tntor to tbe sons of 
Mr Miller being finished for the season, allowed bim to 
leave Edinburgh, he was dispatched along with Mr Sy- 
mington to Carron Iron Works, at that time the most 
celebrated foandery and workshop in Scotland, to begin 
tbe new nndertaking. The date of commencing tbe se- 
cond steam boat is fixed by the following letter, of wliicli 
the original is in the possession of Mr Miller s eldest son* 

Dunfermline^ %th June 1789* 

" Gentlemen, 

The bearer Mr William Symington is employed by 
me to erect a steam-engine for a double vessel; which 
he proposes to have made at Carron. I bare therefore 
to beg that you will order the engine to be made accord- 
ing to his directions. As it is of importance that the ex- 
periment sboold be made soon, I beg also that yon will 
assist him, by your orders to the proper workmen, in 
having it done expeditiously. I am ever, with great re- 
gard, gentlemen, your most obedient hnmble senrant, 

^* Fatklck Mill£r. 

^ To the Carron Company, Csrroo.** 

R 
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Tlie engine was aocordingly set about imme^Uaftelf, 

and within six months was fitted up on board the vessel 
at lock No. IG. on the Forth and Clyde Canal, where 
there Is a level reach about four miles long. The first 
trial was made in the presence of Mr Adam of Blair 
Adam, ATr Balfour of Pilrig, Mr Ambrose Tibbets, Mr 
Stainton, and a multitude of spectators. It turned 
out» however, that the boards of the paddle wheels were 
insufficient for the concussions to which the g^at power 
of the engine subjected them, and being broken off, ren- 
dered the experiment incomplete* They were, however, 
repaired, and on the 26th day of December 1789, the ex- 
periment was repeated, and the vessel was propelled with 
perfect success at UiC rate of nearly seven miles an houTf 
being about om great a nelocity as it has been found pot' 
sibfe to obtain by steam boats on canals, even at the pre* 
sent day* Next day the vessel repeated her voyage with 
the same success, having performed her trips so satisfae* 
torily, that nothing further remained to be done. After 
this signal success nothing further remained to be ac- 
complished in the way of experiment ; the vessel being 
a slight skiff, with plank of less than an inch thick, and 
incapable of permanent use in this way, as soon as the 
experiments were over, was replaced in her original 
station as a pleasure boat at Bo'ness haven, the property 
of Mr Miller, and the engine deposited at Carron Works* 
An account of this experiment, drawn up by Lord Cul- 
len, was afterwards published in the Caledonian Mer* 
cury^ Courani, and Advertiser^ Edinburgh newspapers— ■ 
it is as follows : — 

** It is with great pleasure I inform you, that the ex* 
periment which, some time ago, was made upon the 
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Great Canal here by Mr Miller of Dalswinton* for asoer* 
tainiDg the powers of the steam-engine when applied to 

sailing, has lately been repeated with great success. Al- 
though these experiiueots have been conducted under a 
variety of disadrantages, as having heen made with a 
vessel bnilt formerly for a different purpose, yet the ve- 
locity act^uired wag no less than from six and a half to 
seven miles an hour. 

This snfficienUy shows, that with vessels properly 
constructed, a velocity of eight or nine, or even ten miles 
an hour, may be easily accomplished, and the advantages 
of so great a velocity in rivers, straits, and in cases 
of emergency, will be snffieiently evident, as there can 
be few winds, tides, or currents which can easily impede 
or resiM it, and it will be evident, that even with slower 
motion, the utmost advantage must result to inland navi- 
gation." 

We have now brought the invention of steam naviga- 
tion to a successful consummation in the hands of Miller, 
Symington, and Taylor. It only remains to show how the 
successful experiment was matured into a practical art — 
how the high velocity thus early attained was afterwards 
rendered the vehicle of benefit to mankind by forming 
au clt ment in the intercourse of civilized communities. 

If wo consider the slow progress by which arts gene- 
rally have attained the rank of social importance to which 
they have been destined to arrive, it will appear not a 
little marvellous, perhaps, that sixty years from this first 
experiment should have been enough to raise steam na« 
vigation to its present importance. Yet it has been ask- 
ed, on the other hand ; if these experiments were at that 
time so perfectly successful, why did not these three, the 
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inrentora of the art, at once introduce it into practical 
use, as the means of inland transport, and derire from it 
the mercantile benefit dne to the inventors of a new 
mode of commercial intercourse ?" That man who is ex- 
perimentally aoqaainted with the difficulties, anxiety, and 
disappointment, which in past times have generally at- 
tended the introduction of any new invention, will readi- 
ly see that there remains very little to be accounted for 
in the circumstance that these gentlemen did not throw 
themselves into the sea of troubles which now presented 
itself to them if they should cease to be contented with 
having shown the world the means of doing that which 
the wants of society should one day require. Why should 
Mr Miller, a patriot, it is true, but a man now advanced 
in life, retired from business to the oiium cum dignitaie 
of his country seat, to the pursuit of agricultural recrea- 
tions, and the education of his family, why should he 
spontaneously plunge into a war with the prtjudices of 
the world, and the encumbrances of involved specula- 
tion? And Mr Taylor— -what could the poor family 
tutor do to accomplish that which his roaster, who had 
the wealth, had not the hardihood to encounter ? Ajid Mr 
bymington, whose profession it was to apply the steam- 
engine, who was poor and isolated, and without the as* 
sistance of enlightened enterprise and large capital, what 
could he do more to produce a revolution so gigantic ? 
Mr Miller felt that he had done all that his duty to man- 
kind required when he put them in possession, by publi- 
cation, of what he had done. Finding also, that in the 
experiments he had already made on various subjects for 
the public welfare, he had expended above Xj^30,000, 
which other men might have thought it tbeir duty to be- 
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queath to their family ; and having, in his last steam- 
boat, been brought iato expenses mnch greater than he 
had erer anticipated; he felt it to be his daty, after 
having advertised the public uf tlie success of his at- 
tempts, to leave that public fully at liberty to avail itself 
of all that had already been accomplished whenever it 
ahonld think proper to do so* 

CHAPTER II. 

On the FracHcal I$Uroduction of Steam NawgaHon m/o 

MircaMUUe Use* 

From the invention of the modem steam boat, by 
Miller, Symington, and Taylor, we now pass on to trace 
the steps by which steam navigation was introduced as 

the vehicle of commercial intercourse, and gradually be- 
came matured into an important practical art. 
> We shall see, that the beantifnl and sncoessfol experi- 
ments of Dalswinton already recited, form the source 
from which directly, and without any intermixture what- 
ever, the civilized nations of the world have derived the 
blessings of steam navigation. We have seen, that in 
the hands of those three men all difficulties had disap- 
peared, and that with a very moderate size of boat and 
engine, a velocity of 6 to 7 miles an hour had been prac- 
tically obtained so early as the year 1789. 

After these experiments had been brought to a suc- 
cessful termination, it became necessary for Mr Syming- 
ton to return to the fulfilment of his ordinary duties, as 
engineer of the Wanlockhead Mining Company. These 
duties he continued assiduously to perform for a period 
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of ten years, when he was once more diverted from the 
field of private industry into tliat of public enterprize^ by 
an intelHgent and spirited nobleman, the late Thomas 
Lord Dundas of Kerse, an extensive proprietor in the 
Forth and Clyde CanaL His lordship was desirous to 
avail himself of this new locomotive power, for the pur- 
pose of forwarding the interests of the proprietors of 
that excellent system of inland navigation ; and applied 
to Mr Symington to construct a steam-yessel for the 
purpose of superseding the use of horses in towing ves- 
sels along the canal. A steam-vessel was accordingly 
built by Mr Symington, and completed in 1802. The 
following is Mr Symington's narrative of the experimenty 
which we have seen confirmed in all particulars by the 
testimony of an eye-witness. Having previously made 
various experiments, in March 1802, at Lock No. 20, 
Lord Dnndasy the great patron and steam boat promotery 
along with Archibald Spelrs, Esq, of Elderslee, and 
several gentlemen of their acquaintance, heiiig* on board, 
the steam boat took in drag two loaded vessels, Active 
mad Euphemia of Grangemouth, €row and Elspine, mas- 
ters, each upwards of 70 tons burden, and with great ease 
carried them through the long reach of the Forth and 
Clyde Canal, to Port Dundas, a distance of 19^ miles, in 
six honrs, although the whole time it hlew a very strong 
breeze right a-head of us; so much so, that no other ves- 
sels could move to windward in the canal that day, but 
those we had in tow." 

The performance of this steam tug appears to be abont 
as great as any since accomplished by the many boats 
which on the same canal have attempted the same duty. 
A foolish pr^udiee^ that the action of the paddle wheds 
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would injure the banki of the canal, teems then to have 

preoccupied the minds of the directors, and the plan was 
not adopted. We have here givea an authentic drawing 
of this boat, and it is carioos to obsenre the pecaliarities 
of the paddle wheel at the stern, and of the steering ap- 
paratus in front, both claimed as inveutions of a later 
date. The cylinder of the steam-engine was of 22 inches 
diameter, with a stroke of four feet ; placed with its axis 
horizontal, and turning the wheel with a crank. When 
onimpeded by having other boats to draw after it, this 
vessel wont steadily at the rate of six miles an honr. 




We hare now reached that point of our historjr^ where 
the glory of having introdnced steam navigation to the 
attention of the world, leaves its inventors, to irradiate the 
names of Others who reaped the benefit of their labours. 
Of those men who have occopied the largest space in the 
world's eye in connexion with the history of steam na« 
vigation, there stands out first and most prominent, the 
name of Fulton. 

Robert Folton, an Irishman by blood, and an Ameri* 
can by birth, was born in 1765, in Little Britain, in the 
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State of PeDBsylmiia. Hit parents were hamble and 
poor, and ^ave ibeir ton no more than the ordinary rudi- 
ments of English education at a country school ; but his 
taste for meeksnics and drawing developed itself in early 
life, and at the age of seventeen the self-taught artist was 
able to earn a livelihood by his pencil. At the age of 
twenty-one he had acquired the acquaintance of Frankliut 
and had accnmiilated a sufficient sum from the savings of 
his industry to purchase a farm for his mother, and un- 
dertake, in 1786, a journey to England, for the purpose 
at once of cnltivaAii^ his art and pushing his fortune. In 
both of these he appears to have been tolerably sncoess- 
ful. 

Some years after this, Mr Fulton appears to have been 
durecting his attention to medianical projects, for m 1794 
we find him taking out a patent for improvements in 
canals, and especially for a double-inclined plane forming 
a substitute for locks in the translation of vessels to dif- 
ferent levels on a csnal. He now began to assume the 
title of civil engineer, under which title he brought out 
a treatise on Canal Navigation. • 

About the year 1797, Mr Fulton migrated^ to Paris, 
where he resided for the seven following years in the 
house of his countryman, Joel Barlow. Here he endea- 
voured, by assiduous study, to supply the deficiencies of 
his early education, and became the inventor and pro- 
prietor of panoramic exhibitions. But the principal 
subject that occupied his attention during this period 
of time, seems to have been a project of submarine 
warfare, submarine locomotion, and submarine ex- 
plosions. To this auliject he appears to have devoted 
kimsdf with all the energy, and we may say with all the 
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iiifataatioDy of a most MUigaine lelienier. In 1801 we 

find him at the harbour of Brest making experiments 
with his •ubmariiie boat» which he called the Nautilas, 
attempling to blow up the Bngliih ships then blockading 
the coast of France, with his submarine bombs or torpe- 
does. The only result of his labours^ however, was this, 
that on one occasion he got retry near an English seventy- 
foor, which mored ont of the way just before he had 
time to blow her up. 

' Disappointed in France, Mr Fulton opened a negotia- 
tion with the British Gorerament, to apply himself with 

equal ingenuity to the invention of machinery calculated 
to blow op his former allies the French ; but in this at- 
tempt he was -equally nnsnccessfuL 
' Mr Fnlton was obWonsly one of those men who de- 
light in the exciting occupation of following out new 
schemes and projects, and it is not a little curious that he 
should have arrived in England just before the dale of 
the trial of the Dalswinton and the Carron steam boats, 
80 that his attention must have been very naturally at- 
tracted to so interesting a mechanical subject : that his 
, attentiop was so directed, is shown from sketches and 
memoranda on the subject, found among his papers. We 
also find him writing to Scotland to obtain information 
regarding Mr Miller's vessels. But it does not appear 
that the subject was seriously entertained by Mr Fulton 
until an ulterior period, at which we shall now resume 
the thread of our history of steam nayigation* 

While Mr Fulton was in Parts, he appears to have 
entered into conversation with Chancellor Livingston b 
at that time (1801) the representative of America at the 
court of France, concerning the importance of the new 
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applleation of iteam power to the navigation of the lakei 
and riren of their own country. It should he premi«ed 

that Livingstone had himself been en<2^aged about nine 
years after Miller's successful experiments, in an attempt 
to mtroduce steam navigation in Ameriea^ in whieh ho 
was conjoined with a person of the name of Nishet, and 
assisted by the mechanical talent of Mark I. Brunei^ the 
wgineetf whose ingenuity has gained him so much repo- 
tation in other departments of mechanical eomhinalion ; 
hut the attempt Lad entirely failed, and did not produce 
a speed of three miles an hour, and the project was 
abandoned. Mr Liringstone^ however, spoke to Mr 
Fulton of his intention to resume the subject on his re- 
turn to America, and desired him to co-operate witii him 
in the enterprise, and to direct his talent for meehanical 
combination towards that object. Mr Fulton at once 
sgreed to devote to the subject as much time as he coald 
spare from his favourite schemes of submarine explosion. 

We have great pleasure in bearing testimony to the 
judgment with which Mr Fulton proceeded in commen- 
cing his career in steam navigation. Mrs Barlow, the 
lady of his friend already noticed, was ordered to PionK 
bieres by her physicians, in the spring of 1802, and was 
accompanied by Mr Fulton, who forthwith employed hit 
leisure iu experiments on models, for which the small 
Stream that runs through that village afforded adequate 
Ihctlities. He appears to have been satisfied that endless 
chains with floats attached to them, made to revolve by 
wheels on the surface of the water» were the best appara- 
tus, and therefore preferable to Mr MiUer^s paddle 
wheels. 

But Mr Fulton found that he had been anticipated in 
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thtt idea hj a Frenchman, named Des Blanes, who had 
taken a patent for propelling boats what he called 

chaplets, which were exactly Fulton's endless chains, and 
had also made experimenu with them at great expense, 
without commensurate success. Mr Fulton was thus thrown 
back upon Mr Miller's original plan of propelling hy the 
steam-engine acting on paddle wheels, lie accordingly, 
in the winter of 1802-d, made a small model, and wrote 
a description of a small steam boat with paddle wheels. 

Ahout the same time, Mr Livingstone and Mr Fulton 
commenced the construction of an experimental steam* 
boat on a larger scale. It was launched in tbe spring of 
1803, on the Seine, below Paris, and the steam-engine 
and boilers were put on board. Mr Fulton had, however, 
made the tame mistake which many steam boat builders 
have done at a mocb later date— he miscalculated the 
strength of his vessel, and when the weight of the ma- 
chinery was placed in the centre, she broke through the 
middle and went to the bottom. 

The shattered vessel was raised, and was found to be 
almost entirely broken up. How admirable are the les- 
sons inculcated by a thorough fsilure I The American 
steam boats have ever since been distinguished by the 
excellence of the strong and light framing by which their 
slender vessels are enabled to bear the weight and strain 
of their large and powerful engines. 

This disaster compelled Mr Fulton to devise the means 
of so strengthening a vessel, as to carry with safety her 
engines and machinery. He was obliged to set about 
building an almost entirely new vessel to carry hia ma* 
shinery, which suffered very little froni the submersion, 
and at length, in August 1803, Mr Fulton made an es- 
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periment on his vessel. The vessel was sixty-six feet 
lung and eight feet wide ; bat she moved so slowly as to 
be altogether a failure* 

It was soon after this experiment with the steam ves- 
sel, that Mr Fulton came over to Britain for the pmpose 
of engaging in the torpedo warftre, and taming those 
dreadfal sobmarine engines against his allies in France. 
It will be readily conceived, that after having encountered 
so many difficulties in his own attempt at steam naviga- 
tion, he would not sllow any opportunity to escape, of 
obtaining information regarding the progress which had 
been made in Scotland since his departure ; especially as the 
performance of his experimental vessel, notwithstanding 
his havinff employed Mr Miller's plan of propelling by 
wheels, had fallen so far short of the performance of 
both the first and second vessels constructed by Miller, 
Symington, and Taylor, Now, our readers will recollect 
that before the date of Mr Fulton's return to Britain^ 
1803, Mr Symington had constructed a third steam-ves- 
sel, with which, even on the canal, he obtained the velo- 
city of six miles an hour. We may also add that the 
fame of Mr Symington's experiments had by this time 
attracted much attention throughout Great Britun, and 
he had already received an order from the Duke of 
Bridge water to construct steam vessels on his plan for 
his canaL We accordingly find that Mr Fulton availed 
himself of his residence in Britain, to pay a vbit to the 
scene of these successful experiments. It is clearly esta- 
blished that while Mr Symington was carrying on his 
experiments under Lord Dundas with his third steam 
vessel, and endeavouring to introduce steam as the towing 
power on canals, the following occurrence took place 
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Mr Fulton oaUed upon Mr SfmngUm, and iatrodacing 
hinwelf, told him that being abont to retora to Amerioa, 

he had heard of the steam boat experiments, and could 
not leave Great Britain without first waiting on Mr 
Sjrmington, in the hope of being allowed to see the boat, 
and to obtain such information about it as he (Mr Syming- 
ton) might be willing to communicate. Mr Fulton then 
menlionedi that, however advantageous steam navigation 
might prove to Great Britain, It would oertainly become 
much more so in America, on account of the many exten* 
sive navigable rivers in that country, and as timber of the 
best quality, both for buildmg the vessel and affording 
fuel to the engine, could be purchased there at small ex- 
pense, Mr Fulton expressed his opinion that it could 
hardly iail to become beneficial to trade in that part of 
the world. Mr Sjrmington accordingly gave him all the 
information he desired, and pnt himself to considerable 
trouble for the purpose of afiPording bim the best oppor* 
tunity of satisfying himself of the eomplete success of 
steam navigation at that time in Scotland. Our readers 
will not, we hope, be displeased to have an account of the 
trip from Mr Symington himself, an acoount corrobora* 
ted by the evidence of respectable witnesses. 

Mr Symington, after giving an account of Mr Fulton's 
introducing himself, and of a conversation between them, 
in which the latter proposed that they should participate 
in the advantages to be derived " from carrying the plan 
into North America," continues, Mr Fulton having thus 
spoken,in compliance with hismost earnest request, I caused 
the engine fire to be lighted up, and in a short time there- 
after put the steam boat in motion, and carried him from 
Lode No. 16, where the boat then lay, four miles west the 
canali and returned to the plaoe of starting, in one hour and 
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twenty minutes, to the great astonishment of Mr Fultonand 
•ereral gentlemen who at our ontsel chanced to come on 
board. 

" During the above trip Mr Fulton asked if I had any 
objections to his taking notes respecting the steam boat, 
to which question I said — ^none ; as I considered the 
more publicity that was given to any discovery intended 
for general good, so much the better; and having the 
pririlege secured by letters-patent, I was not afraid of 
his making any encroachment upon my right in the Bri- 
tish dominions, though in the United States, I was well 
aware I had no power of control. In consequence, he 
pulled out a memorandnm^book, and afWr putting sere* 
fal pointed questions respecting the general construction 
and effect of the machine, which I answered in a most 
explicit manner, he jotted down particularly every thing 
then described, with his own remarks upon the boat, 
while moving with him on board along the canal; but he 
seems to have been altogether forgetful of this, as, not- 
withstanding his fair promises, I never heard any thing 
more of him till reading in a newspaper an account of his 
death." 

We may readily judge of Mr Fulton's astonishment 

when he saw that successfully accomplished in a remote 
corner of Scotland by a plain unpretending man, to which 
he had applied so much study and talent in vain. He had 
been propelled in a boat driven by paddles in a narrow 
and difficult canal, at a rate of more than six miles an 
hour, whereas in his own vessel he had not got a speed 
of three. He was not slow to avail himself of his newly 
acquired knowledge. He waited on the younger Mr Watt, 
of Bolton and Watt, at their establishment near Binning- 
ham, and, under a feigned name, made proposals to them 
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to assist lilm by the construction ofa steam-engine suited 
(o the purpose of propelling a steam vessel. The dia* 
gaise of Falton, for whatever purpose aasnmed, was soon 
found out ; Mr Watt did not, however, allow this " indi- 
rection" to interfere with the f ulfilment of his bargain, and 
an engine to he calculated for the propulsion of a vessel at 
the desired speed, was accordingly put in hands for Messrs 
Livingstone and Fulton. 

Fulton having met with as little success in his plans of 
hlowing up French frigates with English gunpowder, as 
be had formerly obtained in his attempts to blow up 
British frigates with French gunpowder, did not remain 
long in England. He returned with his friend Mr Li« 
vingstone to America, where the marine engine of Messrs 
Bolton and Watt was ahout to follow them. In the 
mean time, the success of Mr Symington's hoat had given 
them confidence and instruction, and Mr Livingstone had 
written to America, and secured the monopoly of steam 
navigation to Fulton and himself in the State of New 
York, for their invcntmi of steam boats. 

It was ill lb06 that Bolton and Watt's marine engine 
readied America. It was used to propel the hoat on Mr 
Miller's plan, by the use of paddle wheels. The shell of 
the vessel was launched in the spring of 1807, from the 
building yard of Charles Brown, on the East (Hudson) 
River. She was named the Clermont, (the name of Li- 
vingstone s residence) and attained a speed of nearly^r^ 
miles an hour. It is worthy of remark, in justice to the 
inventors of steam navigation, that the first vessel of 
Miller, Symington, and Taylor had a velocity of more 
than five miles an hour in 176S, and their second, in 1789, 
went at a rate of neaily sevm miles an hour, while Mr 
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Fulton, their imitator and follower, bad hinuelf been taken 

at a speed of abore m:t miles an honr by Symington, in a 
narrow canal, several years prior to this date. The reader 
wiU easily understand that tbis performance on the part of 
the Clermont, even with the advantage of Mr M\itt's ex- 
cellent engine, was such as to fall far short of Mr Fulton's 
expectations. Snch is the history of the introdaction of 
steam navigation in America, in imitation of what had 
already been accomplished in Scotland. 

Although the invention of steam navigation was thns 
perfected in Scotland, and thence transplanted directly 
by Fnlton to America, the mercantile success of the 
young art was moch more immediate and rapid in the 
neiv soil Uian in the old country. In the old country 
ovei|prown with old habits and prejndices, the young 
plant was overtopped and choked up, so that its progress 
was slow and difficult, while in the new and unoccupied ^ 
£eld of America, watered by her mighty navigable 
rivers, it was early liMtered and brought to maturity, so 
as to supply at once a new medium of communication 
expressly snited to the singular position and character 

of that young country. 

It may not be uninteresting, and must certainly be in- 
structive to follow, for a short time, the young art of 
steam navigation, transplanted from Scotland to the new 
world, in its rapid progress towards maturity. We 
have seen Mr Fulton's first boat, the Clermont, launched 
and set in motion in the spring of 1807. The fbllowmg 
account of the first experiments is given with much 
naivete by the American biographer of Fulton: — "Mr 
Livingstone and Mr Fnlton had invited many of their 
M^ds to witness the first trial. Nothing could exceed,*' 
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Bays he, the surprise and admiration of all veho witnessed 
the experiment. The minds of the most incredulous 
mre changed in a few miniitet* Before the boat had 
made the progrew of a quarter of a mile, the greatest 
unbeliever must have been converted. The man who 
while he looked on the expensive maohinoi thanked hit 
•tars that he had more wisdom than to waste his money 
on such idle schemes, changed the expression of his fea- 
tures as the boat moved from the wharf, and gained her 
speed— his complacent smile gradoally stiflfoned into an 
expression of wonder. The jeers of the ignorant, who 
had neither sense nor feeling enough to suppress their 
contemptuous ridicule and rude jokes, were silenced for 
a moment by a rulgar astonishment which deprived ihemr 
of the power of ntterance, till the trinmph of genius ex- 
torted from the incredulous multitude which crowded the 
sboresy shouts and acclamations of congratulation and 
applause." The boat had not been long under way when 
Fulton ordered her engine to be stopped. The paddle 

floats were too deeply immersed in the water, and be had 
them brought nearer to the centre, so as to lessen the 

diameter of the wheel, and take less hold of the water ; 
and when they were again put in motion, it was manifest 
that the alteration had increased the speed of the boat* 

Some time after this first experiment, it was announoed 
in the newspapers of the day, that the Clermont steam 
boat, built by Messrs Livingtone and Fulton, with a view 
to the navigation of the Mississippi river from New Or- 
leans upwards, would depart from New York lor Albany, 
in the afternoon; Mr Fulton was himself a passenger on 
this voyage, and upon his return published an account of 
it as followi : 

s 
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To ihe Ediior tfike Ameriean CUibten. 

« Sir, — I arrived this afternoon at four o'clock in the 
steam boat from Albany. As the succeM of my experi* 
meiit gires me great hopes that suck boats may be ren- 
dered of great importanee to my comtry, to proTent 
erroneous opinions, and give some satisfaction to the 
friends of useful improYements, you will have the good* 
ness to publish the following statement of facts : — ' 
** I left New York on Monday at one o'clock, and ar- 
med at Clermont, the seat of Chancellor LiTingstone, at 
one o'clock on Tuesday — time twenty-four hours, dis- 
tance 110 miles. On Wednesday I left the Chancellor's 
at nine in the morning, and arrived at Albany at five in 
the afternoon— distance forty miles ; time eight hours. 
The run is 150 miles in thirty-two hoursi equal to nearly 
five miles an hour, &c 

Robert Fulton." 

The Clermont performed the voyage back also without 
accident^ at the same rate, l)eing fiye miles an hour. And 
thereafter made soTeral trips as a passage boat during 
that season between New York and Albany ; but met 
with many accidents, especially arii»ing from the imper- 
fections of her paddle wheels» which were of cast iron. 
The wheels also were hung without any support beyond 
the side of the vessel. And in addition to these difficul- 
ties the boat had to contend with the opposition of the 
traders and lailing vessels on the rirer, who were con- 
stantly endeavouring, by collision, to injure this new in* 
Yader of vested rights. The vessel was laid up during 
the winter, and enlarged and strengthened \ and in the 
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•priag of 1808 alie again eommenoed plyiDgaa a paisage* 
boati andoontumed during the season* She was croirded 
with passengers. 

In conseqoence of the snecess of this Tessel» Messrs 
Livingstone and Fnlton bnilt, soon after, two other ves- 
sels, named the Car of Neptune and the Paragon, of 300 
and 350 tons respectively. 

Mr Fnlton havmg risen to high estimation and exten- 
sive influence, died on the 24th day of February 1815. 

Although we have seen that Fulton was not in any 
nspect or degree entitled to the honour of inventing 
steam navigation, yet it Is to htm that America owes a 
debt of gratitude for having, in conjunction with Mr 
Livingstone, so early and so successfully transferred to 
America, all the benefits arising from the invention and 
sacoessfnl application in this eonntry, of the power of 
steam to the paddle wheel boat, by Miller, Symington, 
and Taylor, and by one of these gentlemen directly 
placed for that purpose in the hands of Mr Fnlton. Al- 
though, therefore, America, iu common with the rest of 
the world, will look to thb country as the source from 
which she derived thb benefit, yet we heartily join with 
her in paying honour to the memory of Fulton, as a man 
of no ordinary enterprise, energy, and perseverance, 
whose exertions not only conferred the advantages of 
steam navigation on the inland waters of America, at a 
very early period, but also materially contributed to the 
advancement of the great cause of steam navigation in 
that very country from which it had first emerged. 

We now return to our own country, in which the cause 
of steam navigation lingered. We have seen that Miller, 
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Bymington, and Taylor had broughl the art of steam na- 
tigation to tiidi perfection, that it only remained for the 
nercantile speculator to take it up as a commercial enter- 
prite* The speed of six to seven miles an hour, which 
Uwy had obtuned, was sufficient for the wants of con* 
merce ; and it must remain a snbject of wonder that onr 
coontrymen were slow to avail themselves of this new 
machinery of translation, and had allowed two Americans 
to carry off the iuTention of their countrymen, and torn 
it to valuable account while the merchants of Britain 
slept. Thos much, perhaps, we may say for onr country- 
men, that iheir ample and yaried means of transport ren- 
dered steam navigation less necessary to them than to 
the Americans) who possessed no highways hot their mag- 
nificent inland naTigation, those watery ways on whose 
smooth surface no load, howeyer ponderons, leares anj 
permanent furrow. 

Hemrt BbIiL of Helensbnrgh, on the riTer Clyde, 
wasthe first person in Great Britain who applied the inven- 
tion of the Dalswinton trio to mercantile use — Bell occu- 
pies the same place with reference to Britain in which Li- 
▼ingstone and Foltonstood to America. Neither party had 
any share whatever in the inrention ; both were mere 
speculators, trying to torn the invention of others to 
.profitable acoonnt. In one poinl^ however. Bell has the 
.advantage of Fnlton; Fulton's first boat utterly failed. 
Bell's perfectly succeeded. The cause of this was plain : 
both were imitators of the Dalswinton mechanicians; but 
Bell being better acquainted with the details of the Dal- 
swinton train of experiments, kept closer in his imitation 
to the original than Fulton, and was therefore more sue- 
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MtfuL BeU*8 first ttean boat, the Comet, placed en the 
Clyde, was at least eqnally sueeessfiil with Fulton's 

second boat, the Clermont, on the Hudson. 

Mr [Jenry Bell was for many years a house carpenter 
' in the city of Glasgow* He is described by those who 
knew him as a man of considerable shrewdness, possess- 
iog a rich yeia of yulgar hunoiour, and fond of what are 
called schemes ; that is, of speculations sufficiently remote 
in their nature from common objects of enterprise, to 
confer upon the plausible projector notoriety, if not 
wealth* In the year 1808 he became proprietor of an 
establishment somewhat of this description* Helens* 
burgh is a watering place on tlie river Clyde, opposite 
to Greenock, which ased to furnish fashionable bathing 
quarters to the citizens of Glasgow ; and in the months 
of June, July, and August, Helensburgh being crowded 
with visitors^ it had occurred to a mind fertile in pro- 
jects, that an establishment of the nature of hotel or 
bath-house, would prove a good speculation. Of such an 
establishment Henry Bell became proprietor in 1808. 

It was for the purpose of increasing the facilities of 
reaching these baths that Mr Bell first constructed his 
steam-boats. There were in those days no conveyances 
on the river except certain fly-boats, being long jolly 
boat sort of things, capable of bemg pulled by four 
rowers, or of using sails when practicable. With these the 
voyage might sometimes be made in five to six honrs ; 
but fldftener the time was longer and always uncertain. 
The labour of rowing, too, was very severe, and nnwill« 
ingly resorted to when it could be at all dispensed with. 
Hence it was, that Bell was desirous to avail himself of 
tike prindple to frequently elaborated by modem projee- 



Digitized by Google 



214 



8TBAM NAVIOATION. 



tors of railways and other new modes of tnmtporti that 
every increased facility of oonunmiiGalion inereases in a 
very high proportion the number of those who travel. 
We accordingly find him contemplating a scheme of this 
sort soon after he had possession of the batlis. He 
appears first of all to have attempted using paddles driven 
by handy instead of oars, so as to propel the said passage 
or fly-boats between Glasgow and the baths at Hdens* 
burgh, more rapidly than formerly, and with less force, 
in this project he was foiled, as all men will be who at« 
tempt to propel a boat by hnman strength, through any 
other mechanism than the oar, which, when well propor- 
tioned and properly applied, is the best of all known 
methods of giving ont nsefnlly the whole of a man's* 
strength. He tried many different arrangements of 
paddle wheels for this purpose equally without success* 
At last be became convinced that steam power alone 
would effect his object, and being previously well ac- 
quainted with the experiments of Miller, Symington, and 
Taylor, and having also access to visit Symington's third 
boat on the Canal, and knowing the success Fulton had 
met with in applymg the British invention to profitable 
use III America, Bell determined to try this power on the 
Clyde, and produced, as is generally known, the first 
trading steam vessel in Eorope in the year 1812, the 
Comet of Clyde. 

The following is Mr Bell's own statement of the case, 
which was addressed by him to the Editor of the Cak' 
donian Mercury ^ and published in that paper in October 
1816 : — Sir, I observed in your paper lately a para- 
graph respecting steam boats, in which the Americans 
claimed the right to the discovery which is become of so 
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much utility to the public On this account I propose 
to giro yon a foil •tatement of wbal I eonceive to be the 

truth. iMr Miller of DalswintOD first wrote upon the 
method of moTing or impelling Teasels or rafts through 
water by paddles, wrought by a capstan, or by the wind, 
in the manner of a windmill, which idea he afterwards 
gave to all the difierent Courts in Europe. It will be 
recollected by most people in this country, that the 
French proposed to erect rafts for conveying troops to 
invade this country by means of Mr Miller's windmill 
or capstan plan ; for it may be stated that this gentleman 
built two vessels at Leith, and put them in motion upon 
his new improrementy and even sent one of them to the 
King of Sweden, as a present. After this he thought 
that an engine could be so constructed as to be applied to 
work his machinery for the moving of his paddles ; and 
accordingly he employed an engineer to put his plans in 
execution. But to give you a more correct account of 
the manner Mr Fulton, the American engineer, came to 
the knowledge of steam boats, that gentleman had occa- 
sion to write me about the plans of some machinery in 
this country, and l>egged the favour of me to call on Mr 
Miller of Dalswinton, and see how he had succeeded in 
his steam boat plan ; and if it answered the end, I was to 
send him a full drawing and description of it, along with 
my machinery. This led me to have a conversation with 
the late Mr Miller, and he gave me every information I 
could wish for at the time ; I told him where, in my opin- 
ion, he had erred, or was misled by his engineer ; and, at 
the same time, I told him that I intended to give Mr 
Fulton my opinion on steam boats : the friends of Mr 
Miller most hare amongst their papers Mr Fulton's letter 
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to me^ for I left it with Mr Miller. Two years thereafter 
I had a letter from Mr Folton^ letting me know that ho 

had constructed a steam boat from the different drawings 
of machinery I had sent liim out, which was likely to 
answer the end, bat required some improToment on It 
This letter I sent to Mr Miller, for his information, which 
must also be among his papers. This letter led me to 
think of the absurdity of writing my opinion to other 
conntries, and not putting it in practice myself in my own 
country ; and, from these considerations, I was roused to 
set on foot a steam boat, for which 1 made a nnmber of 
different models, before I was satisfied. When I was con- 
vinced that they would answer the end, I contracted with 
Messrs John Wood and Company, ship-builders in Port* 
Glasgow, to build me a steam vessel, according to my 
plans, forty feet keel, and ten feet six inches beam, which 
I fitted up with an engine and paddles, and called her 
the Cametf because she was built and finished the same 
year that a comet appeared in the north-west part of 
Scotland. This vessel is the first steam boat built in 
Borope that answered the end, and is at this present 
time upon the best and simplest method of any of them; 
for a person sitting in the cabin will hardly hear the en- 
gine at worlu" 

Mr Beirs Comet began to ply from Glasgow to 
Helensburgh in January 1812. She was capable of 
performing about five miles an hour. She continued 
dnring the whole summer to ply snccessfnlly as a passen- 
ger-boat, and, in consequence of her success, \vas soon 
followed by the long series of steam vessels for which the 
river Clyde has been so much distingnisbed* 

Hie details of this first European trading steam vessel 
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are next in interest, at least to a Briton, to the details of 
the first steam Teasel of 1789, as already given. It was^ 
therefore, with ns a mailer of cariosity to obtetn its de- 
tails for onr readers. The original boiler of the Comet 
is now the author's property, and, having been faroored 
with a drawing of the engine and Tossely he is now ena- 
bled to present the reader with a faithfbl reprodnetion 
of her engines and machinery. 



218 



8TSAM KAYZO^Tiair. 



The Comet bad oMouily two paddle-wlieelt, or !»• 

ther two sets of radiating paddles on each gide. They 
are described as haYing resembled very much in their 
appearaoee four malt ahoTolfly ladiatiog £rom a reTolWng 
axis to which they were all fixed. This was toon dumged, 
Mr Bell being compelled to resort to Mr Miller's com- 
plete wheel* which hai been in ose OTer siaoe. This en- 
gine waa pot up by workmen under Mr Bell'a snperinr 
tendence, The engine is of the kind known as the bell- 
crank engine* on Mr, Watt*s principle. The boiler 
was every way inferior to the boilers used in the pre- 
Tious three Yessels of Miller) Taylor, and Symington, in 
as mach as the fire was on the outside of the boiler, se- 
parated from the wood of the Tessel only by the bricks 
in which it was set; while in their original boilers of 
1789 and 1790, the fire was, exactly as in all steam 
vessels of the present day* wholly within the boiler* and 
perfectly surrounded by water* so as to prevent danger 
llrom accident by fire or loss of heat. It will also be 
noticed that the boiler was on one side of the engine, the 
funnel being bent so as to bring it to the centre where 
it served the purpose of a mast to carry sail. It 
seems indeed to have been the anxipns wish of the con- 
structors of the early steam boats to disguise the odious 
smoking funnel under the designation of a main-mast; 
and some even went so far as to raise up a top-mast 
in the thick folds of the dense black smoke* It is 
now* however* admitted that a steamer is a steamer 
having paddles and smoke* and not a ship entitled to 
white sails and a smooth side ; and such is the force of 
habit* that even the picturesque is not awanting to the 
portrait of the diligent and fidthful steamer toiling along 
its rapid path of active duty* 
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The Comet was a vessel of about twenty- five tons. 
The engine of the Comet exerieda force of about three 
hone power. 

The Comet was built by John Wood of Port Glasgow. 

Mr Bell had employed in his experiments on fly* boats 
an engineer called John Thomson, of Glasgow. Thorn* 
som appears to have assisted Bell in planning his first 
boat, and to have felt himself ill treated by Bell in not 
Mng made a partner in that speculation. To aTeoge 
his wrong, he got Mr Wood to bnild a vessel fifty-one 
feet keel, twelve feet beam, and five feet deep. The 
keel was laid in March 1812, and in March 1813 the 
Eliiabeth, the second steamer on the Clyde was started, 
and continued to ply successfully, eclipsing Henry Bell's 
Comet, and bringing much profit to her owner. This 
was probably the first rtmrnneraUng steam Tessel in the 
world. The tonnage of this vessel was about thirty- 
three tons, and her power about ten horses. This 
Tery correct proportion of powor to tonnage seems to 
have been the secret of his success. The following de- 
scription of this vessel by her owner, is an interesting 
and characteristic memorial of the eariy steam nayigap 
tton. ** The Kicabetli was started for passengers on 
the 9th of March 1813, and has continued to run from 
Glasgow to Greenock daily, leaving Glasgow in the 
morning, and retnming tiie same evenmg. The passage, 
which is twenty-seven miles, has been made with a 
hundred passengers on board in something less than 
four hours, and in fisvonrmble circafliMtances, in two honn 
and three quarters. The Elizabeth has sailed eighty- 
one miles in one day, at an average of nine miles an 
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" The Elizabeth measures aloft fifty-eight feet; the 
best cabin is twenly-one feet long, eleven feet three at 
midsbipsi and nine feet fonr incbes aft» eeated all round, 
and covered with handsome carpeting. A iofa, olotbed 
witb marone, is placed at one end of the cabin, and gives 
tbe wbole a wann and obeerful appearance. There are 
twelve small wmdows, eacb finiibed yntk marone cnr- 
tolns, witb tassels, fringes, and velvet cornices, orna- 
mented wiib ^t ornaments, baying altogether a very 
rich effect. Above tbe eofa there is a krge mirror sns* 
pended, and at each side book-shelves are placed, con- 
taining a collection of tbe best anthers, for the amuse-, 
ment and edification of those wbo may aTail tbemselres 
of them during the passage— otiier amusements are like- 
wise to be bad on board. 

M Tbe engine stands amidships, and reqnures a consi- 
derable space in length, and all the breadth of tbe yessel. 
The forecastle, which is rather small, is about eleven 
feet six, by nine feet six mches, not qnite so comfortable 
as the after one, but well caledated for a cold day, and 
by no means disagreeable in a warm one : all the win- 
dows in both the cabins are made in such a way as to 
shift up and down like those of a coach, admitting a very 
free circulation of fresh air. From the height of the 
roofs of both cabins, which are about seven feet four 
incbes, they wiU be extremely pleasant and healthful in 
the summer months for those wbo may faTonr tbe boat 
in parties of pleasure. 

^ Already the public advantages of this mode of con- 
veyance bave been generally acknowledged: indeed it 
may without exaggeration be stdd, that tbe intercourse, 
through the medium of the steam boats, between Glas- 
gow and Greenock, has, comparaliTely speaking, brought 
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these places ten or twelve miles nearer to each other, 
la most cases the passages are made in the same time as 
by the coaches; and they have been, in nnmerons in* 

stances, done with greater rapidity. In comparing the 
comfortableness of these conyeyancesy the preference 
will be given decidedly to the steam boat. Besides all 
this, a great saving, in point of expense, is produced ; 
the fare in the best cabin heing only four shillings, and 
in the inferior one two shillings and sixpence ; whereas 
the inside of a coach costs not less than twelre shillings, 
and the outside eight shilling^." 

Such were the humble beginnings, not thurty years 
ago, of that art, which now embraces the entire globe in 
the meshes of its net -work of intercommunication. In 
the river Clyde itself, the progress of steam navigation 
is astonishmg. Instead of the two little vessels of 
three and ten horse power, the waters of the Clyde are 
now navigated by frigates of 1400 to 2000 tons, pro- 
pelled by engines exerting the power of five to six hun- 
dred horses. The little wonderful cabin, ** eleven feet 
wide, with handsome carpeting, and its single sofa, 
clothed with marone^ and the curtains with tassels, fringes, 
and velvet cornices," the wonder of the day, u now re- 
placed by the noble saloon, eighty feet long, by thirty 
feet wide, profuse in all the luxuries of a noble mansion 
—the speed of seven miles is replaced by that of twelve 
to fifteen miles an hour ; the ships which cover the Clyde 
exceed a hundred, and the vessels built on its banks are 
now to be met in almost every civiliaed, portion of the 
ocean world. The city of Glasgow, brought so mnch 
nearer by the " low price of eight shillings to Greenock," 
is now at the distance of a single shilling, the passenger 
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being taken now, in shorter time and greater comfort for 
one pennjy the distance wiiieh formerly cost him a shil- 
Ibg ; and the nnmber of passengers annnally availing 
themselves of snch a conveyance, amounts to upwards 
of a million. What blessings, what advantages, what 
enjoyments, has this invention bestowed in so short a 
time on so great a number of our fellow men I How 
great are the blessings to society that still remain in the 
destiny of the human race to be derived from the intro* 
dnction of ocean steam navigation ! 

CHAPTER III. 

Contending Ciakni to the Invention of Steam Navigation^ 

It is not a little singular, that a nation which is the 
slowest to appreciate, and the most pitifully mean in re- 
warding invoitive talent, should be notoriansly clamor* 
oos about arrogating to itself as national property, the 
very honours which it has rewarded, if at all, with a tardy 
and niggardly hand. Such a nation is our own. It seta 
np a clahn, (fortunately a just one») and glories, as well 
it may, in being the fatherland of the steam-engine ; 
and yet allows the son of Watt to pass through life 
unnoticed, unrewarded, unacknowledged; and, in like 
manner, it is most anxious to establish its daim, 
(fortunately also a just one,) to the invention of steam 
navigatimi, while the widows and orphans of the men 
who have given it that honour for which it so eagerly 
pleads its right, are allowed to plead in Tain, or to la- 
ment in aiUnce the paltry meanness of that nation which 



. .,^.0 . y Google 



QIJLIM& TO THS UIYSNTION — 8PAHZSS. 228 

their parents made rich by expending the proyisioii of 
Ibeir children. If it were poirible to erect, at the pre- 
tent day, » tribunal like that of Solomon, in which might 
be decided the claims of natiooi contending for the 
ternity of ateam nayigation, on the eridence wbich each 
oonld give of the trne affection of a mother, certain it is 
that the decision would not be favourable to Great Bri- 
tain. Is it too late atill to be joit ? Do onriulm pre- 
•ore hononra and emolnmenti only for the soldier and 
the political partisan ? We confess we have little hope 
that they will correct the fatnre from the past. 

The nations that have urged exdnsire claims to the 
invention of steam navigation, are the British, the Ameri- 
cans, the Spanish^ the French, and the Italians. The 
Spanish daim is nndoubtediy the ddest of all, though 
not the least ambignons, and although it assigns a date 
to the invention older than any of the other daimantSi 
the pretension itself was only put forth at a recent date. 
The document is cnrious. 

Spain* In I^, there was published by Thomas Gon- 
zaleHf an ancient manuscript discovered among the state 
papers at Simancasy of which remarkable docoment the 
following is a literal translation. < 

Blasco de Garay, a naval captain, proposed to the 
Emperor Charles V., in 1543| a machine for propelling 
Tessels and fleets without sails or oars, even in a calm. 
In spite of the difficulty and paradoxical nature of this 
proposal, the Emperor ordered an experiment to be made 
at the port of Baroelona, .which was carried into effect 
HB the 17tli day of June 1543. Garay did not wish en* 
tirely to reveal his discovery ; nevertheless, it was mani- 
fest during the experhnent, that it consisted of a large 
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caldron of boiling water and of moving wheels on either 
Mde of theT68ael« The experiment waa made on a veaael 
of 200 tons, called the Trinity, carrying com from Colibre 
to Barcelona, commanded by Captain Pedro de Scarza. 
By order of Charlet V.» thefoUowing individualB asu«ted 
at the experiment, Don Henri de Tolado> the Governor, 
Don Pedro de Cardo, the Treasurer RavagOi the Vice- 
ChaneeUor, and the Keeper of the Records. 

In the reports made to the Emperor and Prince, 
l^eneral approbation was given to this ingenious experi- 
ment, particularly on account of the promptitude and fa- 
oility with which the Tessel was turned* The treasurer 
Ravago, who was opposed to the scheme, said that it 
would go two leagues in three hours, tliat the machine 
was too oomplex and ezpensire, and that there was dan- 
ger of hnrsting the caldron. The other commissioners 
declared, that the ship came round as rapidly as vessels 
propelled in the ordinary way, and made a league an 
hour at least. 

** When the trial was finished, Garay removed all the 
machinery with which he had furnished the vessel, the 
wood part only was laid up in the arsenals at Baroelona» 
and the rest he retained to himself. 

*^ Notwithstanding the opposition of Ravago, Garay *s 
inrention was approved of, and had not the expedition 
in whieh Charles V. was engaged interfered, he would 
undoubtedly have given it encouragement, and even in 
these circumstances, the author was rewarded by a step 
in promotion, and a sum of two hundred thousand mara- 
vedies, had all his expenditure defrayed from the trea- 
sury, and received several other honours.** 

Thisisoertainly a very eztraordhiary document. Both 
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ito authentictty and ito genalneneis have been called in 
question. Without boweyer donbting its tide to inipU* 

cit evidence, thus much is plain — that the invention was 
kept secret by the iDventor, and that it died with him. 
Society owes him no gratitude who bequeathed her no 
benefit, and, it is manifest, that it is not in any degree to 
the ingenuity of that Spaniard, nor the liberality of the 
Sfianish government, that we owe our present system of 
steam navigation. Had this document been published 
prior to the introduction of steam navigation, instead of 
making its first appearance in the second quarter of the 
19th century, it might, in that case, have performed the 
important office of suggesting the application of the force 
of boiling water to mechanical uses and to navigation. 
' This Spanish document seryes the yery important pur- 
pose of enabling the historian at once to dispose of the 
several competing claims to the honour of having iu- 
yented the art of steam nayigation. If the first sugget' 
Hon of steam nayigation, in a printed document publicly 
sold in shops, is to be held as establishing a title to the 
honour of inventor, then, undoubtedly, Jonathan Hulls, 
who published his tract with drawings, and a full ex- 
position of his plans for steam navigation, at London in 
1736, price 6d., from which we are about to give ex- 
tracts, is the inyentor, and England bears away the palm ; 
unless, indeed, as was once grayely argued with the au- 
thor by an American, the fact of his bearing the charac- 
teristic cognomen of Jonathan, is to be held as cendusiye 
proof of his haying been a natiye of the New Wmrld* 
And if, on the other hand, it is the first attempt in 
actual experiment without regard to ultimate usefulness^ 
which is to be held as the only legitimate ground of claim» 
then undoubtedly Captain Blasco de Garay is its author^ 
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and Spaia the country which has conferred upon the 
world that boon hy which ihe herself has been the least 
to benefit. But if neither of these grounds is to constitute 
the claim, and the final successful construction of a steam 
▼essel on the same principle as the modem steam ship, 
serving as a pattern from which others haTO eofried, and 
from which directly and immediately the actual trading 
Steam ships of the country are derired» is to be the legiti- 
mate place, then most unquestionably on this, the only 
fair ground of claim to the gratitude of the civilized 
world. Miller, Symington and Taylor are the three equal 
Stan of the constellation to which the homage of pos- 
terity is to be paid. 

Notwithstanding the impregnable position which Great 
Britain has thus attained, as having conferred upon the 
world the inestimable blessings that have been diffased 
by means of mechanical navigation ; notwithstanding, 
that she who gare birth to steam Davigation has alsa 
brought it to maturity, and that it is from her dbecUy 
that other powers of Europe have obtained those scanty 
supplies of steam ships of which they have possessed 
themselTes; notwithstanding also that it is to Great 
Britain that one half of the world owes the means of 
Transatlantic steam communication, means which it is still 
incapable of equalling or eyen imitatbg ; notwithstand- 
ing the early consent of nations, and thecTidence of plain 
facts that Britain has not only originated, hut carried to 
the utmost perfection, not only steam nayigation, but the 
very steam-engine itself, and all its other applications, 
and that in virtue of these applications it still stands at 
the head of nations^notwithstanding all this, there are 
men who, in the desire for national popularity, have 
aotoally endearonred to turn aside the straight^forward 
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eandonr with which other nations at fint ai^nowledged 

their obligations, and have attempted by partial state* 
meota of truth and false inference from fact% to under* 
mine the reputation of Grest Britain^ and diuiTow the 
source to which they owe so much present greatness. 

Pretensions of America and Britain to the invention 
of steam navigcUion, — The American treatise on the 
steam-engine hy Professor Renwick, exhibits in the fol- 
lowing passage one of these very unworthy attempts 
to misrepresent the plain historical truths of the in- 
vention of steam navigation. Speaking of Jonathan 
HuUs's pamphlet on steam navigation, published in 1737, 
he saysy English authors have raked up from oblivion 
a patent granted in 17S6 to a person of the name of 
Jonathan Hulls.* He, however^ never made au acting 

* Jonathan Hulls, on tlie 21st of December 1736, obtained a 
patenty to endure for fourteen years, for what niay> without aay 
impropriety, be ealled a JlMm doof. The letters patent and a 
deicription of this boatt iUostcated with a plate, are oon* 
tained ia a tract, pabliihed by Hulls In 1737, under the foU 
lo«dag title : A Duayitian and DrantgM <^ a nstv tnnmM Jfo- 
cfttfitf/or wrt^vug TutOs or Shxps cut of w into any Harbour, 
Fort, or JUver, agamtt WM and Ttd$ or inn Mm, 

He Introdoees hb descriplioa by a concise view of the principles 
of experimental philosophy ; in which he observes, (p. 39,) " If a 
person were to descend to the bottom of a weUof water, his body 
would be pressed the same as if he descended the same depth into 
the sea ; for there is the same pressure against a pool-head as there 
is agaiiibt the sea i>auk at the same depth, ati hath before been 
demonstrated. 

** Thus I have endeavoured to explain the nature of the pres- 
sure of the air on other bodies, by comparing it with other fluids 
that are vkiible to our eye, as mercury, water* &c., and, since tho 
pressure is so very ^reat, it is the more fit to be applied to a pur- 
pose wherein all sorts of juanual operatioas are insufficient. Foe 
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model of his iDTentton, and tbe prime mover itself was 

at the time in a state far too imperfect to have permitted 
its being- successfully used in the manner proposed by 
Hulls. So far then from classing this among ingemaua 
and profitable improTementSt we shoald rather be inclined 

this present undertaking cannot be supposed to be done by strength 
of men or horses, or any machine driven by either. 

" The atmosphere being of great weight, and striving to get in 
where there is a vacuum, I shall endeavour to show how this 
vacuum is made^ and in what maimer this force \& applied to drive 
the machine. 

" In some convenient part of the tow boat there is placed a 
vessel about two-thirds full of water, with the top close shut; this j 
being kept boiling, rarefies into a steam. This steam being conveyed 
through a large pipe into acjUodrical vessel, and there condensed, 
makes a vacuum, wludi causes the weight of the atmosphere to 
press on this vessel, and so presses down a piston that is fitted 
into this cylindrical vessel, in the same manner as in Mr New« 
comon's engine, with which he raises water by fire. 

" It hath been already demonstrated, that a vessel of thurty 
inches diameter, which is but two feet and an half, when the air is 
driven oat, the atmosphero will press on it to the weight of four 
tons, sixteen hundred weight, and upwards ; when proper instm. 
m^ts for this work are applied to it, it must drive a vessel with 
a great foroe. 

The bigness of the machines may be proportioned to the 
work that b to be performed by them; but, if snch a force as ap» 
plied ui this first essay be not sufficient for any purpose that n»y 
be required, there is room to make such addition as will move an 
immense weight with tolerable swiftness. 

" It is my opinion it will not be found practicable to place the 
machine here recommended in the vessel itself, that is to be takea 
in or out of the port, &c., but rather in a separate vessel, for 
these rea^sons: — 

" 1st, This machine may be thought cumbersome, and to take up 
too much room in a vessel laden with goods, provisions, &c. 

" 2d, If this' machine is put in a separate vessel, this vessol 
may lie at any port, &c. to be ready on ail occasions. 
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to rank it among^ those, which, from their obvious im* 
praeticabilUy, merit the obliyion into which they iDstantly 

We cannot refrain from characterizing this passage as 
nngeneroiis and onjost in the extreme^ and perfectly un* 

" 3d, A vessel of a small burthen will be sufficient to carry the 
machine to take out a large one. 

** 4th, A vessel will serve for this purpose for many years> after 
die is thrown off", and not safe to be taken abroad." 

The passages above quoted are followed by the Explanation of 
the Machine. The Figure to which this Majplanation refers^ is 
copied from that given by Hulls. 




'* A represents the chimney coming from tlie iin nace. 
** Bj the rope attached to the vessel to bo towed. 
" CC, Two pieces of timber^ framed together, to carry the 
machine. 

*' Day Dy and Dhy are three wheels on one axis, to receive the 
ropes M, Fa, and Fh. 

2fote. — M is the same rope that goes into the cylinder. 

" Ha and // b are two wheels on the same axis with the fans 
Illllly and move alternately in sneh a manner, that when the 
wheels Da, Dy and Dh, move backward or forwardt they keep the 
fans I mil m 9k direct motion. 
** Fb is a rope going from Hb to i)6, that, when the wheels Da, 
D, and Db, move forward, moves the wheel Sb forwards^ which 
brings the ha» forward with it. 

Fa is a rope goin*; from the wheel Ha to the wheel Da, that 
when the wheels Da, Dy and Db, move forward, the wheel Ha 
draws the rope F, and raises the wdght at the same time as 
the wiieel Hb brings the ftuis forward. 

^ When the weight 6 is ao nased, wfafle the wheels J)a, Aand 



Digitized by Google 



230 



6TJ£AM KATIOATXON, 



M'orthy both of professor Renwick and of America. 
Professor lUnwick has written a very exceUeot and meri- 
torious work on the steam-engine, whicb liat many selen- 
tific discussions and practical investigations, that do credit 
to his sagacitf and scienee, 9fid we admit most willingly 

J)b, are moving backward, the rope Fa gives way, and the power 
of the weight G brings tho wheel Ha forward, and the fans with 
it, so that the fans always keep going forward, notwithstanding 
the wheels Da, D, and 2)6, move backwards and forwards, as tlie 
piston moves up and down in the cylinder. 

*' LL are teeth for a catch to drop in from the axis, and are so 
contrived that they catch in an alternate manner, to cause the 
fans to move always forward, for the wheel /fa, by the power of 
; the weight O, is performing its office, while the other wheel Mb 
goes back in order to fetch another stroke. 

** Note. — The weight G must contain but half the weight of the 
{Hllir of air grassing on the piston, because the weight G is r^sed 
at the same time as the wheel Hb performs its office, so that it is, 
in elfeo^ two machines acting alternately by the weight of one 
pillar of air of sooh a diameter as the diameter of the cylinder is. 

" If it shonld be said that this is not a new inTentiona beeaase 
I make nse of the same power to drive my machine that others 
hare nmde nse of to drive theirs to other purposes ; I answer, the 
i^licsftion of this power is no more than the application of any 
common and known instroment used in mechanism for new invented 
purposes." p. 48. 

TMs Explanation is followed with the annexed " Anmmn to 
§ome Queries that have been made concerning the pottibility and 
[ %i»efvlneM of this undertaking.''* 

Query I. 

** Is it possible to fix instruments of sufficient strength to move 
so prodigious a weight as may be contained in a very large vessel ? 

•* Answer. All mechanics will allow it is possible to make a 
machine to move an immense weight, if there is force enough to 
drive the same ; for every member must be mad(> in a proportion- 
able strength to tho intended work, and properly braced with 
laces of iron &c., so that no part can give way or break, if the 
braces. &c., necessary for this work had been put into the dranght 
it would have been so much crowded with lineSf that the main * 
iastroments ooold not be so well perceived. 
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tliat many important snbjects discassed in his work hare 
too little attracted the attention of British engineers and 
•nthon. are ^uite ready to grant alto, that steam 
boats first turned oat profitable" speenlations in Ameri- 
ca; but to say that we have raked up Hulls's patent 
from oblivion "—to say that an invention of which a full 

inn not the foree of the waves break any instrmnent to pieees 
that is phMMd to move in the water ? 

^ Answer. Fknif It cannot be snpposed that this machine will 
be need in astorm or tempest at sea» when the wavss are raging; ' 
fbr, if a merchant Ijeth in a harbonr, &Ci he wonld not choose to 
pat out to sea in a storm. If it were possible to get out, but rather 
stay until it is abated. 

** Secondly. When the -wind comes s^ead of the tow boat, the 
fans will be protected by it from the violence of the waves ; and 
when the wind comes side- ways, the wind will come edge-ways of 
the fans, and therefore strike them with the less force. 

Thirdly. There may be pieces of timber Laid to swim on the 
surface of the water on each side of the fans, and so contrived as 
they shall not touch them, which will protect thorn from the force 
of the waves. Up inland rivers, where the bottom can possibly 
be reached, the fans may be taken out, and cranks placed at the 
hindmost axis» to strike a shaft to the bottom of the river» which 
will drive the vessd forward with the greater force. 

<^BT III. 

« It being a continual o^enae to keep this machine at worl^ 
will the expense be answered ? 

* Answer. The work to be done by this machine will be upon 
partieolar oocasons» when all other means yet found out are 
whoQy insnfl&dent. How often does a merchant wish that his ship 
were on the ocean, when* if he were there, the wind would serre 
tolerably well to carry him on his intended voyage^ but does not 
serve, at the same ^e» to carry 1dm out of the river^ ftc. he 
happens to be in, which a few hours* work of this machine wonld 
do. Beiddes, I know engines thst are driven by the same power 
as this is, where materials for the purpose are dearer than in any 
navigable river in England ; therefore, experience demonstrates, 
that the expense will be but a triile to the value of the work per- 
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treatlie with detailed plates of the machinery, and an ex- 
position of the mechanical principles of the steam-engine, 
almost as full as that of the Professor of natural and experi- 
mental philosophy in Colambia college himself in his own 
treatise — to say that an inrention, the description of 
which was. printed and sold in the pampUet shops for 
sixpence, and which, eren now is by no means so rare in 
Great Britain as the ProfSessor^s own most excellent trea- 
tise — to say that such an invention has been " raked up 
from oblivion," as if for the paltry purpose of defrauding 
America of some well merited honour, is at once nncan* 
did, ungenerous, and incorrect. That his invention was 
ingenious,*' nobody ever doubted who had read the book, 
or was capable of understanding it^hat it was profi- 
table" to the inventor, we do not mean to assert, for in- 
ventors have almost always been not only the victims of 
detrac^ou, like that of Professor Ren wick, but of still 
more deeply consuming poverty. But we should not 
have expected a countryman of Oliver Evans to have 
taunted an ingenious, but probably poor man, with not 
having converted his talents into a pecuniary gain. 

This ^ obscure person, of the name of Jonathan 
Hulls," was by no means so ignorant or incompetent to 
the perfection of this admirable invention, as Mr Ren- 
wick would have his countrymen to suppose. This « ob- 
scure person" appears, by his work, to have been deeply 
versed in the writings of Archimedes, Ctesibius, and 
Hero. He Olustrates the doctrines of statics by appro* 
priate experiments ; he anticipates the very objec- 
tions which Professor Ren wick elsewhere brings against 
his invention, showing that it was neither absurd nor 
impracticable, but required only to be well executed in 

formed by those sort of machines, v,h\ch any person that knows 
the DAtnre of those thuigs may easily oalcolate." 
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order to prove useful* After explaioing fully the doc- 
trine of almoaplierio prennio^ he say^ ^ the^almospheffe 
being of a great weight, and atriving to get in where 
there is a vacuum, I shall endeavour to show how this 
Yacaom ia made, and in what mannei thie foroe is ap- 
plied to diive the machine. In iome conyeniiBnt part of 
the tow-boat there is placed a vessel about two-thirds 
fall of water, with the^ top dose shut. This bang kept 
boiling, rarefies into a steam. Tliis steam bebg eonveyed 
through a large pipe into a cylindrical vessel, and there 
condensedi makes a Tacunm, which causes the weight of 
the atmosphere to press on this yessely and so carries 
down a piston that is fitted into this cylindrical vessel, 
in the same mauDer as in Mr Newcomen's engine, with 
whieh he raises water by fire. It bath already been de* 
monstrated that a ressd of thirty inches diameter, when 
the air is driven out, the atmosphere will press on it to 
the weight of four tons sixteen hnndred weight and 
upwards ; when proper instroments for this work are ap* 
plieH to it, it must drive a vessel with great force," 

UuUs thus gives a foil description of all the meduu 
nism of his steam boat m a form whichy although not so 
simple as the present method of moving the paddle wheel, 
must be admitted, to be at once ingenious and practica- 
ble^ He next considers the comparatiTO advantage of 
having the steam machinery in the ship itself, or in a se- 
parate tow-boat ; but presses the latter for many reasons, 
which he adduces. 

As if antieipatiag the oljeetioiis of sn«>h men as Pro- 
fessor Renwick, he proceeds to give answers to " Queries 
respecting the Possibility and Usefulness of his Under- 

dertaking and on this snbjeot his views must be ad* 

V 
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mitted to be distinguifthed by souDd practical common 
' 86086} unmixed with exaggeration. 1. He propoMi 
for strength to brace tbe whole with iron ; 2. He dis- 
cusses the means of avoiding the injurious action of tlie 
waves ; 3. He discuMes the question of L. S. D. most 
conelusiTely ; then query the thirds it being a conti- 
nual expense to keep this machine at work, will the ex- 
pense be answered ? " The work to be done by 
this machine will only be upon particular occasions, 
when all other means yet found out are wholly insuf- 
ficient. How often does a merchant wish that his t»liips 
were on the ocean, when, if he were there, the wind 
would serve tolerably weU to carry him on his intended 
voyage, but does not serve at the same time to carry 
him out of the rivers, &c. he happens to be in, when a 
fisw hours' work of this machine would do ? Besides, I 
know engines that are driven by the same power as this 
is, where materials for the purpose are dearer than in 
any navigable rivers in England; therefore experience 
demonstrates that the expense will be but a trifle to the 
value of the work performed by those sort of machines." 
Such is the "ingenious and profitable'' sclieme which the 
able Professor of Columbia college asserts that the English 
have raked up from oblivion, but which he conceives to be 
unworthy of note from its obvious impracticability. 

He might with some truth have taunted the English 
w itb, first, allowing a valuable invention to lie so long un- 
adopted, and in all probability bringing its author into 
disrepute and poverty while he lived, and then only doing 
that justice to his memory which they should have done to 
himself ; but it was not necessary for the credit of Ame- 
rica to inflict an injury upon tiie memory of a Briton 
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who had advaneed too hi before Ihe age he lived in, bat 
who will go down to poiterity ai the first inventor of an 

iogenious and practicable mechanism for propelling ves- 
sels by a condensing steam-engine and by paddle wheels, 
being the very means at this day moat profitably employed 
in America, Great Britain, and the rest of the world. 
Such was Jonathan Uuils. We can only palliate Mr 
Renwick's offence against the justice and generons can- 
dour of philosophical history, by supposing him altoge- 
ther unacquainted with the works of Hulls. Not satis- 
fied, however, with contemning Hulls, (wlio, by the 
bye he asserts, never actually constructed a model of 
his invention, although there is not only no proof that 
he never did so, but a strong presumption, on the con- 
trary, that his boat was actually constructed and nsefully 
employed,) not satisfied with this one act of injustice, 
Professor Renwick seems determined to run a muck 
against the whole race of non- American mventors. He 
next attacks the knight of Dalswinton, and asserts that 
his second vessel, one which went at the rate of seven 
miles an hour, was an absolute failure I " while, a few 
pages on, he vaunts the wonderfnl success tff Fulton, 
who, thirteen or fourteen years afterwards, built a boat 
in imitation of tiiis, which first broke its back and went 
to the bottom, and then, on being leconstmcted, went a 
short distance at some three miles an honr; this he calls 
perfect success I and the Scotch experiment, fourteen 
years previous, at nearly seven miles an hour, he calls 
«an absolute failure I" What mnst have been Pro* 
fessor Renwick's own opinion of his cause, when he could 
get op no statements more consistent than, these 
We have already seen that, aller expeitendng the mi- 
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fortunate denouement of his own experiment, Mr Fulton 
came to SeotUnd^ and having travelled six miles an hour 
in Symington*! boat, and been allowed to avail himself 
of her minute examination, that his conviction of the suc- 
cess of Mr Symiiigton*8 invention was so complete, as, in 
spito of hit own pfevions failure, to have led him at once 
to order an engine in BrUain for America* We have 
already seen all this, which Rtjnwick does not, because 
he dare not, attempt to deny ; hot he endeavours to evade 
the force of that plaui ttotement, by attempting to con- 
fuse dates in a manner so impotent, as plainly to prove 
that nothing leas than an actual falsifying of documents 
eodd prove hit point If" wf% he, " Fulton saw 
Symington's boat in 1801, he returned to France" (to 
make his own wretched trial) with his previous impres- 
tiont in £svanr of paddle wheelt very mnch weakened; 
if not until 1804, he had abeady performed more than 
Symington." There never was more contemptible or 
•hallow aophittry; it thonld read thus— -If Fulton taw 
Synington*t boat going six miles an boor in 1801, and 
afterwards made his own experiments in France, where 
hit boat wat firtt taken to the bottom, and broken to 
pieeet by the mere weight of the engine, and afker being 
rebnilt was not able to do three miles an hour ; in this 
eate, how ntltrly iaferior it the imitator proved to hav« 
been to the man whon he tried to eopyl — If it wat not 
until 1803 or 1804 that he visited Symington's boat, he 
mutt have been at once convinced that hit former failnre 
arote from hit own tncompetency to the tatk of rein- 
venting what had long before been so well accomplished 
by Symington. Why did not Eenwick tell hit readers 
that FoltOD, after kit mott mlnntoexanunation of Sy ming> 
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iou*$ <40giDe» after gelUDg an admirable engine from WaU 
and Bolton, and after tpeoding three or foor years more 
in perfecting his imitation, did not even then succeed in 
doing HO much, hy at least one mile an hoar, as Symiog* 
ton had already done in his preienee so long before ? 

But it is plain that what the Professor of Columbia 
college wanted, was to place his countryman on a pedes- 
tal, where an Amerlean might have the gratification of 
doing homage for one of his greatest national blessings, 
to an American rather than a Briton; for, in order to 
deify him still more completely, he says of Fulton«— whose 
boat (he takes care nerer to tell ns) had broken through 
the middle, and not gained four miles an hour — that it 
was then, (after the boat bad gone to the bottom ?) as 
altorwards, reiMu^kable that, by • sound view of theoretic 
principles, the single boats of Fnlteii always presented 
A$ 9peed which he predicted^ at the moment of planning 
them III To shovr, in condasicm, how far the amor 
iruB has carried the author of the American Treatise on 
the Steam-Engine from the truth, we have only to quote 
one sentence on the subject referred to, from the Life of 
Fulton, publiilicd in Aaaerica by oneofhis own country- 
men, who bad fuller access to all his private documents, and 
who exhibits, with every proper loy^e of ids couatryf 
md all jttit mpeet for the subject of Ut fen, an equal 
love of consistency and respect for truth. The expe- 
periment in France and the velocity of the Clermont, JeU 
90 far dkort of his esHmaieif that,*' 80 much for 

Fulton's infallibity, and Renwick*s fidelity. 

America, therefore^ owes to Fulton the debt of having 
benefited her by the early introduction of the inyention 
of Miller, Taylor, and Symington^ into n country whose 
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peculiar geographical cooDexiont rendered ihii gift of 
the otmost imporlance to her prosperity. 

Another claim to the inTOntioii has been a<)diieed by a 
nation we should \ea»t have sus^pected, the Italian:^. In 
m work entitled, *< Elementa of Experimental PhysicSy" 
pnbliflhed at Fforence in 1796, we find the following 
passage : — " James Wait was the inventor of steam- 
engines in England in the year 1 787, although many ex- 
periments of a similar nature had been made prenously 
to that time. An Italian, Serapino Serrati, was, how- 
ever, the iirst, not only to conceive the design of a steam 
boat, but also to place one opon the river Amo, which 
mns throngh Florence." We have no means of testing 
the value of this assertion, but, like the Spanish claim, 
it may either be true or nntrne, withoat affecting the 
history of steam navigation, as it is nnqnestionable thai 
whatever merit tliey may have individually possessed as 
experiments, our present system of steam navigation 
has been in no way derived from them* 

The French nation has founded a claim to the inven- 
tion of steam navigation, upon the ground that Mr 
Perier, in 1775, and M. de Jonffroy, in 1781, made ex- 
periments in steam navigation: that they, however meri-. 
torious, did not in any way contribute to the production 
of onr modem system of steam navigation, is enoagb 
to deprive them of extended notioe in oar history of 
that art. 



Digitized by Google 



PBOGRB8S OF THB ABT* 



239 



CHArXER IV. 

On the progress of Steam NaoigiUhn in America and 
. EuropCtfrom iis introduction to its present condition^ 

We have seen that the ezperimentt of Miller, Symings- 
ton, and Taylor, had brought steam nayigation to so 

great perfection that nothing remained to be done except 
the adoption of it by mercantile men for the purposes 
of gain and of commercial interoonrte. Livingstone and 
Fulton formed the first commercial steam navigation 
in America, on the Hudson, and Bell in £urope, on the 
Clyde, both having obtained their hnowledge directly, 
immediately, and exclusively, irom the experimental 
triad of Dalswiuton. 

It is a little curious that, although Fulton was first in 
America, and Bell in Europe, to avail themselves of the 
advantage of steam navigation, it was in both cases non 
longo intervaUo distanti, Fulton was first in the race 
otoly by a few days, and Bell by a few months. 

R. L. Stevens of Hobolcen, is probably the man to 
whom, of all others, America owes the greatest share of 
its present highly improved steam navigation. His fa- 
ther was associated with Livingstone in his experiments, 
previous to the connexion of the latter with Fulton, and 
had persevered in. his experiments during Livingstone's 
absence in France. Fulton's boat, however, was first 
ready, and obtained an exclusive privilege from the State 
of New York. Being excluded from the Hudson and all 
wateit that 8tate» Stevens oonoeived the bold idea of 
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laking iiU steam boat by sea to the Delaware. Sterenf 
was thus the aothor of steam lumgatioii in the open sea. 

From varioQS competent sonrcei, we hare been assu- 
red that Mr Stevens, who now enjoys a large fortune^ 
the resnit of his labours in steam naTigationi is a man of 
mneh original talent, of considerable sdentillc acqnire- 
ments, and of great practical skill. To him America 
owes both the modification of steam-engine and oonstroo- 
tion of vessels by which the highest speed Is accomplished. 

Instead of changing altogether the form of Mr Watt's 
engine as we have done^ for the pnrpose of stowing it 
helow the decks of onr ateam-Tesseb^ he retained the 
long working- beam on deck, and, only removing the cis- 
tern of cold water from around the condenser^ and using 
n large jet of injection within» he placed the steam-engine 
of Watt on the bottom of his Tessel, much in the same 
way as it would be placed in a cotton-mill, or to drive a 
coai^gin, having the great woriung-beam performing its 
oscillations aloft, far above the height of the paddle 
boxeSi and indeed half-way up the chimney* 

Another change introdnoed hj SteTens into Watt'a 
engine, in which it differs from owr marine engine, is the 
nse of upright guides for the pt«ton-rod, instead of the 
eld parallel motion. • This wis lendered necesivy hj 
the next pecnliarity. 

A peculiarity of great importance is the introduction of 
a very long stroke, and the use of steam working expau^ 
sively in the cylinder* With this a change of gveal 
value is necessarily introduced, namely, a long crank, t. 
longer leverage for the power of the steam in compari^ 
son with the diameter of the paddle wheel. 

The dlTided paddle wheel iaanotheref Stevms* favm* 
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Horn, whereby the resistance of the water to the paddle 
boards is rendered more uniform^ uid the coDGaisioiis of 
theeommon wheel are sToSded. 

Stevens at a very early period adopted the method of 
snrfiMsei or dry condeasBtioiiy ai il is called, where the 
extended snrfaoe of a condenser, snrronnded by cold wa- 
ter, is used to supply the place of injecting a stream of 
cold water among the steam. He vsed for tiui pnrposo 
copper tnbes, copper plates, and other apparatus tfaice 
tried in this country ; but, like most other engineers who 
. have tried thb method since the time of Watt^ he lonnd 
it disadvantageous, and rererted to condensation by jet. 

Sterens, more than any one, has improved the shape 
of the American steam yessels. The full round bows and 
stems of Fulton's boats, which were mere boxes sharp- 
ened a little at both ends, drove before them so large a 
heap of water as to limit theur speed to about nine miles 
an hour. He extended the length of his ressels to eight 
or ten times their beam, and giving them a fine entrance 
and a fine run, rose at once from nine to thirteen miles 
an hour. Dhreetittg his attention to puslung the water 
aside, rather than carrying it under the vessel, he suc- 
ceeded in rendering the resistance of the water, and its 
diitnrbaBce by the boats, comparatively smalL 

A principle applied to steam nayigation in America, 
much more than in Britain, is one great cause of the 
superiority in speed of American vessels. We allude to 
the system adopted so generally in Cornwall pumping, 
ing engines of working steam expansively. The great 
practical advantage of doing so was first introduced in 
Am«nca by a Mr Adam Hall, director of the West Point 
foundery, and by him communicated to Professor Ren« 

X 
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wick, who, by his treatise, has oantributed mach to lha 
adYaaoflDMBl of ut%m MTigation in America. In order 
to ihow tlie adwitage of lUt iBotiiod» Profefior Rmi^ 
wick states, that by loading a safety-valve to fifty-seven 
pounds, and cutting off the steam when the cylinder has 
lioeii filled to one-eighili of ile kpgiK tk» power will be 
doidiled, and at the same time a saving of fuel be effi»cled 
amounting to two fifths. Tbe use of steam of a higher 
jpressim than the atnuMphere»actbgezp«iDsiTdy through 
a large part of the stroke of the steam-engme, was dis* 
covered, though erroneously conceived and explained, by 
Woli^ There is bo difforenoe between the mode of ap- 
plying this principle in American engines from that used 
in Cornwall. 

The method of working expansively with a long-strok- 
ed engine, and the nse of large equilibrium valves and 
passages, has allowed and carried into effect a high velo- 
city of piston. We have the means of knowing that there 
are msny vessels inAmericaatthis moment^ whose puton8» 
instead of travelling at the average rate of 220 to 250 
feet a minute, as usual in this country, move at doubl€i» 
and eren more than double that rale* The cylinders are 
sometimes^ in such cases^ as mndi as three diameters in 
length. 

We have already mentioned the great length of Ame- 
rican steam vessels in proportion to their breadtlu The 

hull, at the same time, is built with attention to light- 
ness rather than solidity. To support the great weight 
of machinery and boilers in the centre of the vessel^ 
the American builders appear to have regarded their 
vessel as a sort of wooden bridge, resting on two liquid 
hnttresses towards each extremity^ and loaded with a 
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great we^ht in the centre; and in this view they seem to 
kanre ktcodoced into tkair Toaiek att tJM nMduaneal 
itmotiires which the resources of terrene carpentry and 
civil engineering present m the construction of arches^ 
woodan Uu sg u i i and inm anpeiisioii hridgaii uriiick ex- 
tend akmg the Teaiel) tranaferring the proper proportion 
of tile strain to those parts of it which are most distant 
from tlie load. These asdMa and tensile structoraa 
aemetimea rise high abore the decsk of the vessel^ and 
give to the vessels a wonderful rigidity. Vessels of more 
thaia 200 feet long are sometinies made ratirely of thin 
piank orotaed in time layers^ andy witiiottt any timbersy 
are yet able to support both the weight and eflPort of five 
or six hundred horse-power machiaes, hy means of their 
jndieions oonstmetion. 

Our own island kingdom has been the scene of all the 
improvements made on steam navigation in Europe. We 
belioTe thai there ia not in tiM most improTod European 
steam ships of the present day a single item of constmc- 
tion which is not wholly British in its origin. 

America ia diatiagnialied hy ita improvement of inland 
steam navigation. The nature of llie eonntry determined 
the efforts of invention in that direction, as in our own 
country the porition of onr ocean island decided our at- 
tentton< to tlie navigation of the deep sea; and hy the 
success of our efforts we are now distinguished above the 
rest of the world immeasurably. 

We naturally leolc to the hirtiiplace of the steam* 
engine and steam navigation for the improvement of 
steam navigation^ and we accordingly find it making ra- 
pid progress on the river Gyde, in North Britam. 

Bell having introduced steam navigation into commer* 
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cial use, by bailding Uie Comet ia 1812| was quickly fol- 
lowed by nnmeroiu tpecolaton in steam boats on that 

river: in 1813, John Thomson, his former collaboTO* 
teur in experiment, completed his vessel, the Eilizabetfay 
which we have already described ; and haTing giyesa. her 
more power and a better proportion and eonstnietion, at 
once outstripped, in his tum^ Mr Bell, and found his 
boat a incoessful specnlation. 

The ihird Clyde steam vessel was bnilt, like the two 
former, by the Messrs Wood of Port Glasgow, near 
Greenocki for a Mr Aobertsouy an engineer of Port 
Glasgow. Her dunensions were seventy-six feet long 
on deck, fourteen feet beam, and sixty-nine tons mea- 
surement. Her power was fourteen horses; speed. six 
miles an honn 

The fourth stesm vessel, the Glasgow, was slso bwlt by 
the Messrs Wood of Port Glasgow, the engines by Mr 
Cook of Glaigow. She was intended to carry goods as 
well as passengers, and was seventy-two feet long, fifteen 
feet beam, seventy-four tons measurement, and sixteen 
horse power. This vessel belonged to the first of a spe- 

♦ 

des of associations since become so common, a joint-stock 
company for steam navigation ; and set the example of 
being thoroughly mismanaged. This vessel was launched 
in 1813, and was moderately sharp, bnt was afterwards 
improved by lengthening the bow five foot, and giving 
it greater sharpness. 

Abont 1814^ two vessels, the Princess Charlotte and 
the Prince of Orange, bnilt by a person of the name of 
Muir, were tried on the Clyde. Messrs Watt and Bol- 
ton were the engineers ; but from some cause these ves« 

« 

sels were nnsnccessful. Next year the same eAgineera 
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pheed Ih^ «ligiii6t in. ft Tenel named the €Saledonia» 
bnilt by the Meiers Wood, ninety-fiTe feet six inehes 

long, fifteen feet beam, 102 tons measurement^ and baring 
fiwo engines of sixteen horse power. This Tessd was 
more suooesafoL 

Sucb were the early vessels, of small dimensions^ a low 
proportion of power, and iitUe speed* 

From the commeiicement of steam navigation in Chreal 
Britain, no great stride appears to have been made until 
the year 1818, when Mr David Napier, the engineer, 
entered on the eonstmetion and improvement of steam 
navigation. We believe, that from the year 1818 nntil 
about 1830, David Napier effected more for the improve- 
ment of steam navigation than any other man* It is ne- 
cessary to distingnish betwixt him and Mr Robert Napier, 
whose successful efforts in steam navigation are of later 
date. 

It is to Mr David Napier that Great Britain owes the 

establishment of deep sea communication by steam ves- 
sels, and of post-office steam packets* Previous to his 
time^ steam vessels ventured rarely, and only in fine wea* 
ther, beyond the precincts of rivers and the coast of 
friths. Mr David Napier adrentuied at once to esta« 
biish regular commnnication between Britain and the 
snrronnding conntries, Ireland and France, by 8team« 
vessels plying even during the stormy months of win- 
ter. It is said that the following is the manner in 
wliich he first essayed his arduous attempts. Not long 
after the introduction of steam navigation on the river 
Ciyde^ he had entertained the idea of establishing 
steam commnnicalion on the open sea; and as a first 
stepi he endeavoured to ascertain the amount of the 
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difficnltieB to be encoantered* For llils poipoio k 
took ft piaoo at atomy period of Hie yetf in one of 

the sailing packets which then fonned the only means of 
intercourse between Glasgow and Belfast^ and whick 
iiien reqnired often a week to aooomplieh wlMik if done 
by steam in nine hours. The captain of the packet 
in which he suled, remembers distinctly a young man, 
iriioin he aftorwardt knew as Mr Ni^ier, bekig fom4, 
during one of the winter passages to Belfast, constantly 
perched on the bows of the vessel^ and fixbg an intent 
gase on the tea when if broke on the elde of the diip, 
qnito heedlesa of the wayea and sfnray that washed orer 
hira. From this occupation he only ceased at interrals, 
as the breeae freshened, to ask the eaptain whether the 
aea was aneh aa might be eonaldered a rongh one^ and 
being told that it was by no means unusually rough, 
he returned to the bows of the vessel and resumed his 
atady of the wares breakuig at her atom* Some honra 
after, when the breeze began to freshen into a gale, and 
the sea to rise considerably, he again enquired of the cap- 
toin, whether now the aea might be eonatdered a rougk 
one, and was told that as yet it conld not be called very 
rough. Apparently disappointed, he returned once more 
to hia atation at the bow8| and reaomed hia employ* 
ment. At laat, howerer, he waa ftnronred with a atorm 
to his contentment ; and when the seas, breaking over the 
vessel, swept her from stem to stem, he found kia way 
back to the oaptun and repeated hia enquiry ; do yon call 
it rough now ? On being told that the captain did not 
remember to have faced a worse night in the whole of 
hia experienoe^ the young man appeared qnlto d^ghted, 
and, mattering as he turned away, I think I can manage. 
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if that be all," went down contentedly to hb cabin, leaving 
IIm captaia Bot « liltle ponUd «l Ihe ateM^ freak of ^ 
paMOiigqr* Napier aaw tlio ead of liia difieolliaa, osd 

soon satisfied himself as to the means of orercoming 
thenk 

Hii next enquiry regarded iIm meani of gottiof 

through the water with least resiBtance. To determine 
Hull he oommenoed a series of experiBieiitay with modela 
of Toeidi on a amaU tank of water ; and ftoiidt ie o 
time, that the full round bluff bow adopted for sidling 
vessels, was quite unsuitable to speed with mechanical 
propnlaion of a difiereat natorei He wae eoon led to 
adopt the sharp dae wedge-like entrance by which the 
vessels built under his snperintendanoe were so much 
dUtingoished* 

la 1818, Mr David Napier established between Green* 
ock and Belfast, a regular steam communication^ by 
means of the Bob RoY) a vessel built by Mr William 
Denny of Dnm1)ortOB» baviag aboai90 toaa bnrdoBy and 
thirty horse power. She plied two winters between 
these ports with perfect regularity and success, and was 
afterwards tranatered to the Beglish Chanael to serve 
as a packet between Dover and Calids* 

Having thus acquired dominion of the open sea, Mr 
Napier was not alow to extend it; in 1819, the Messra 
Wood bmlt for him the Talbot of 150 tons, intk two of 
Mr Napier's engines, each of thirty horse power; this 
vessel was by far the most perfect vessel of her day, in 
aU respects, aad formed a model wbidi waa kmg in 
being surpassed. The Talbot plied between Holyhead 
aad Dnblin, and was the means of conferring on Irehmd 
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the advantage of a direct, certain, and rapid communica* 
Hmk with Eaglaiid. Tke Talbot waa aufioeeded by thf 
iTwIioe, bvih by Mr SootI of Gffeenoek,of 170 tons iNurr 
den with Mr Napier's engines of sixty horse power in the 
aggregate, and she also long continued the beat gadke| 
the flfMion betwoea Holyhead and Dablia* 

At the same time that Mr Ni^ier was lihas engaged 
in conferring on the public the benefits of the post-office 
(learn packet system^ he also establuhed the first line 
of oommerckl stenaa ships, on a station which erar since 
that time has continued to be occupied by the finest, 
most powerfoli expert^ and fssteat steam packeta in 
£nrope— ^e station between Ltyerpool, Greenockt and 
Glasgow. The Robert Bruce of 150 tons, built by the 
Messrs Wood, with Mr David Napier's engines of sixty 
horse power; the Soperb of 240 tons, by Mr Scott, 
with Mr Napier's engines of seyenty horse power ; the 
£clipse, by Mr Steel, of 140 tons burden, with ]VIr Na- 
pier's engines of sixty horse power — ^all these were esta- 
blished as regular deep sea traders, nnder the direction of 
Mr David Napier, before the year 1822. They were all 
vessels of a much stronger hull, a better form, and more 
correct proportion of parts than any others ; and in these 
three years, from 1818, the art of steam navigation had 
received in the Clyde an extension and perfection that 
rendered it an object of great national importance* 

From tliis period, the navigation of the deep sea nn« 
derwent great and rapid improvement* The construction 
of the James Watt, steam vessd, appears to liave formed 
a great step in steam navigation. This vessel was com- 
pleted under the superintendance of Mr Brown, of Watt 
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and Bolton, in 1822> to sail on the station between Leith 
md London. The Teasel was built by die Messrs Woodf 
on tlie Clyde. It was of 448 tons measuement^ and 
carried two engiaes, by Messrs Watt and Bolton, of 
50 horse power eaoh. TJiis vessel, in beauty of form^ 
stmgth of coBstmctiony and speedy was miush before 
Oyery yessel of her day, having a velocity of 10 miles an 
hoar. She was remark;able for having engines on the 
ieocmd motioot that is to uy> liio paddles were not made 
to fovolve dureody by immediate connexion with the 
cylinder ; but the engines, first of all, produced revolu- 
tion in an axis» firom which the paddle shaft was propelled 
by toothed wheels^ in snch a manner, that the nnmberof 
revolutions of the axis of the engine was greater than 
that of the paddle shaft. With the exception of her low 
proportion of power to tonnage, this vessel possessed al* 
most all the qualities of the most improved vessel of the 
present day, and has served as the model after which the 
best seap>going vessels of the Thames were built. Her 
dimennons were 146 feet over all) 25 feet beam, and 
448 tons measurement. 

From the period of the eonstmetion of the James 
Watt, no change of great impcnrtance seems to have been 
made in steam navigation of the deep sea, until the 
construction of the United Kingdom, the first of the 
steamers now inereaMng so rapidly, and which we may 
designate the Leviathan class of steam ships. The 
United Kingdom was, properly speaking, a frigate — 
being a ship of 160 feet long, 26^ feet beam, and 200 
horse power. It was bnQt by Mr Steele of Greenock, and 
the engines were constructed by Mr Napier. This vessel 
iras by fiur the most splendid of her day, and. gave rise 



250 



iifeAM NAVIOATIOK. 



to the large class of merchant ships of which the ad ran* 
ttges are now xeokoiifid fo gfeal^ and whuk ai# now in 
comwHt 

Mr David Napier waa also one of the fint persona to 
introduce surface condensation in marine enginea. He 
wed it an eea aif dtty ^ ^ Poat-Bay^ a aiaatt weal MU 
byhfanittl822. TiiaeaidaDaer waaiMidaofaiarleaaf 

amall copper tubes, through wliich the steam passed to- 
irarda the air pnnf } and hf a oonalaBt eweat of cold 
tniter endidinf^ iIm pipes, tiba ateam iraa aodad and ra* 

turned into water, which was again sent into the boiler for 
aonversioii into steam, without being mixed with the cold 
aall water, which in the nanal plan ia injeeted inta the 
condenser. But like Watt, Cartwright, and others, who 
have tried tliis system, both here and in America, the 
vapiditj of condenaalion waa not fimnd anffioiantly greati 
and he returned to the old system of condensation by jet. 
Some years afterwards, however, he again returned to 
this syatem, in peenliar dreninstancea which randared it 
desirable; and, naing flat plates, instead of tubes, ha 
was more successfol, and plied for years with no other 
aondoiser. But, like all the other easea whar» it haa 
been introduced, the advantages of the system were not 
reckoned an equivalent compensation for its disadvan- 
tages. The plan of condensation by tubea, again intro« 
duced at a recent data by Mr Hall, haa been tried in 
numerous vessels, in some of which it has been aban- 
doned, and in others still continues io he employed. 

Tiie next change introduced rwj aztenaively into 
ateam Tesaels by Mr David Napier, was the use of an 
upright, or vertical steam-engine, or engine of direct 
conneidcB. The first angina of Bell was^ to cama ax* 



PBOOBEaS OF THK ABT IX BRIXAIN. 251 

tent| a vertical engiiM^ inaimudi as the aads of the cylia* 
dm. moA «if tlM m$mk wme placed » one wtical lta% 
krt ikere wm mi dhrwl eemeadoB t e tw e t tiw erwik 

aad the pwteii rod to the paddle axle, the commonioa* 
lien ef ueitani ta it hwBg a ff e ci ad Ikroagli tiM mafin 
af toolM nlMli* la ilia eoanttNi arlafer engine, lia 

piston rod acts on a cross head, the cross head on side 
radii ih» alda rods an sida leTersb the lews an a eroei* 
lidl, liia croei on the eaanaeting rod, aad tiia ean« 

necting rod on the crank pin, by which, through the 
axle, the peddle whe^ revolve. In the engine of di« 
reet oonnexion, the side levers, and some other parts of 
the train of communication is removed by a device which 
enables the piston rod to be almost immediately attach- 
ed hy a eonneclang rod to the orank of the paddle shaft. 
Hub plan was early adopted by Mr Gatamer of LeIlJii 
who built a vessel called the Athol, and another called 
the Tonrist» on this prineiple ; bnt his method, thongh 
very simple, was not applicable in ordinary cases with 
advantage, and Mr Napier made several modifications 
of the vertical engine, which appear to include all the 
best that have yet been introdnced, althoogk many ap* 
pear to claim the invention. It docs not appear ever to 
have been established, that the engine of direct connec- 
tion is praeticaUy preferable to the lever engine ; but the 
plans of Mr David Napier appear to have been the best 
ever adopted. 

Mr David Napier hae now many yean retired from 
eannexion with steam vessels on the Clyde ; bnt before 
he left it, much had been done for the advancement of 
steam navigation m Britain by his eonshi, Mr Robert 
Napier of Glasgow, wboaa astabUakment kas sinee be- 
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come famous for the construction of engines of the moit 
effieient actiony wliick being, generally speaking, com* 
bined witli a taperior clan of thipt Imik bf the MeMn 
Wood, have extended the fiune of the river Clyde very 
widely, and have enabled steam to be used with a degree 
of oonfidenoe «ad regularityt wbkb eiNdd mmely bavo 
been anticipated even by the moat caagiuBe. Tbe Be* 
renice, JSast India Company^s vessels, the Perth, Dundee^ 
London} and the Briliab Qaeen and Halifax Traniat^; 
lantic sbipa are tbe eA«f dteuvres of Mr R. Napier, and 
have furnished us with some valuable plates of parine 
eoginei. 

To the talent of Mir Mandslay of London, tbe present 

marine engine owes the introduction of that high degree 
of precision in its construction and details, which gives it 
so much durability and efficacy as a machine. 

We have already stated, that a regular communication 
by steam was early established between Liverpool and 
the river Clyde. The establishment of this station baa 
done much for tbe advancement of steam navigation, hum 
the following reasons : it has afforded profitable employ- 
ment to two wealthy companies, who, employing the 
most eminent steam-engine and ship builders for tbe con* 
struction of their ships, without regard to expense, h^ve 
produced a class of vessels unequalled in the whole world» 
The two engineers who have been thus placed in com* 
petition, are Mr Robert Napier of Glasgow* and the 
Messrs Cairds of Greenock, and the builders, Mr Wood 
of Port Glasgow, and Mr Steel of Greoioclc The eon* 
tending parties have nearly alternately conquered ; each 
effort being superior to the former, and both being the 
bigbest efforto of tbe skill, ingenuity, and taste of their. 
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respective authors. The Vulcan, John "Wood, City of 
Gbflgowi Commodore, and Admiral, are the chef d'auvres 
nf Mmm Napier and Wood; the Mandie8ter» Bagle» 
Unicorn, Actseon, and Achilles, of Messrs Caird and 
4Sieel. 

^ At an eacample of the high perfeotion to which thea^ 
friendly eontentions have brought mereantile ateam navi- 
gatioDj we insert at the end of the volume a tabular ex- 
tract firom a document lately brought forward in a Post- 
office enquiry. That extract contains the time required 
by the Unicorn steam ship for each trip between Greenock 
and Liverpool, 220 miles, daring twelve months, indn- 
ding winter, and ihowa how much may be done by good 
machinery in good ships, to obtain high regularity and 
great speed* It is plain from this document that the mail- 
coach is not more trbe to her time than this steam ship^ 
and that a Telomty of above eleven miles was kept np, 
under all variety of loading, in a vessel devoted princi- 
pally to the transport (along with passengers) of heavy 
merchandise* The dales are from a register by Cap« 
tain Main, her commander, now of the Achilles, and is 
of nndonbted anthentidty* The dimensi<ms and some 
particolan of liib vessel are givm elsewhere. 

From the taUe above alluded to, we find that this mer« 
ehant vessel^ with every different variety of ladbg, and 

being constructed for the express purpose of carrying 
heavy cargoes, performed all her trips without losing a 
voyage, during the whole winter and summer, at the ave* 
rage rate of more than eleven miles an hour, (H^^^i)) 
being 146 trips of 218 miles in Idf^ hours each. That 
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of tliem, mdf •ervutoaii were two hom Mre Ami ihait 

time, only six four hours more than that time ; and that 
daring the aix sumnier inontlMy not time of the pMngM 
exceeded llnft time Iby nere tiuui m Imr. 

This table will also serve to assist any one who desires 
to ascertau the daty that may be cakulated on in like 
dramtneee ; mdy it ii neeemry to reeoUoot tiie^ bo- 
•Idee the duty here exhibited, the vessel had at the end 
of a trip to navigate a shallow and uncertain channel in 
the River Clyde, to Qlmgow^ whe&ee, after ditchargiag 
and reloading, die had to find her waybaek to Greenock. 
In tbat period the vessel performed about 35,000 miles, 
and would have performed easily about 60,000 miles, had 
it not l>een necessary to amad tha Clyde^ and ea^e- 
rience the corresponding delays. 

This vessel, the Unioom, hai^ since the date referred 
to, eroised tho Atkatic, to take part in tho transport of 
the Transatlantic muls between Britain and Halifax. 

It was at this station also, and by the vesseUi already 
named, that the great commercial ndvaatages of a large 
proportion of power In steam ships, in proportion to ton* 
nage, and also of employing a large class of ships in pre* 
ference to smaller ones, wfm first ascertained and demon* 
straled— a principle even at this day too litde understood 
as a practical maxim, but of which we give the full expo- 
sition in another chapter. It was iband upon this station as 
a mercantile result, that a large proportion of power was 
the economical, as well as profitable, way of conducting 
the trade. That not only speed, certainty, and security 
were tiins attunejl, but also efficiency and economy. A 
dogma the reverse of this was then generally, and is still, 
too extensively maintamed* 
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ABOtber elass of steam refs^ on the east coast of Scot- 
land has also increased r8pidly> and tended much to the 
•dTBBeenent and impnmmenl of ateam lumgatioa in 
OfeatBritain^thatdaaaof Teasdaaomnnnrioatlagbetween 

Leith and London. One of the most celebrated and per- 
fect of thoae 1$ tha Monarcht built from the lioea of Mr 
Cliarka Wood of the dyde^ under Hie anparintend- 
ence of Mr Brown, of Messrs Bolton, Walt, and Co., 
and having the engines of that firm* This admirable 
•bip perlbrmed 1S0,000 miles wHhont oosting her owners 
more than the most trifling sum for repairs of any kind 
to her hull or machinery. 

Aberdeen^ ia connected by a fine dass of steam ships 
with London, being the prodndions of tiie Borlhem city, 
and exemplifying the largest class of ships. Dundee also 
possesses an almost uariyalied line of communication in 
the Perdi, Dondee^ and London, three sister ships of a 
large class, built by Mr Wood, and engined by Mr Napier 
on the Clyde. 

Besides Ihese^ the steam ships of €b?eal Britain^ we 
might adduce the mighty improveneBte which have been 

exhibited in the navigation of the wide ocean, by ships 
that hare gone out from her. The reoenft extension of 

« 

Steam Navigation to the navigation of the high seas is 

destined to form an important epoch in the history of 
Steam Nayigation, and we may add, of civilization. Its 
nse in war may also be regarded as likely to iatrodnoe a 
revolution next in importance to the introduction of gun« 
powder, and attended with similar results. Bnt these 
are changes in whidi we live^ and which have scarcely 
gone into the history of the past* 
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THS THEORY AKD PRACTICE OF MODERN STEAM 

NATIGATXON* 

Thbrk is perhaps no popidar error more injaiioiis to the 

welfare of a mechanical nation, like our own, than the no- 
tion that theory is opposed to practice ; and there is no 
subject in which this error has ever been more disastroos 
than in steam naTigation and naral arehitectnre in generaL 
It is by the combination of theory and practice that most 
is to beaeeomplished ; and it may be hazarded as a general 
assertion, resting on all past ezperienoe, that the best 
promotersofthe public welfare are — ^that theoretical man 
who has made himself best acquainted with the practice 
of his arl^ and that practical man who has aeqmred the 
greatest knowledge of its scientific principles. There is 
no art which does not attest this troth, and none attests 
it more than steam navigation. It is admittedi that out 
of erery three steam yessels that are built, two fall very 
far short of fulfilling the intention with which they were 
eonstmeted* We believe tliere is no error which it may 
be posnble to commit in steam navigatioui that has not 
already been perpetrated again and again. 

To construct a perfect steam vessel, it is necessary 
jfirst of all to make a perfect ship ; secondly, to construct 
a perfect steam-engine, and boilers of a very complex 
description ; thirdly, to apply a propelling apparatus of 
the most appropriate description ; and finally, to com- 
bine all of these in a perfect and well proportioned 
whole. Now, to construct a perfect ship, is itself a 
problem of the highest order, requiring a combiua- 

Y 
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tion of the most profonnd resources of analysiBy widi 

the highest practical sagacity; a problem on which 
the reasoning of the mathematician, and the tact of the 
artisty have long been engaged, with few examples of 
complete sncoest. To constract a snfficient, effectire» 
powerful, durable, and safe engine and boilers for marine 
purposes^ is a problem more easy, yet one in which there 
has been eneonntered contmnal fatlare. Then, the means 
of propelling the vessel over the element on which it 
floats, give rise to questions in the resistance of fluids 
which all the resonroes of hydrodynamio science^ in the 
hands of the ablest mechanical philosophers of the last 
century, have failed to resolve. Then, last of all, the 
combination of all of these togetheri in the best possible 
way to bring about the precise efifoct desired, is a problem 
still more arduous ; and all the skill of the analyst, the 
geometer, the mechanical philosopher, of the naval archi- 
tect, the engineer, the mechanic, and the sailor, if com- 
bined in a single individual, or concentrated on a single 
object, are not more than sufficient to the arduous task 
of directing the wealth, enterprise^ and resources of this 
country, in the attempt to render available to her own 
prosperity, and the interests of the human race, this 
most admirable of aU her creations. 

In the following enquiry, we shall soon see that neither 
practical experience without systematized knowledge, nor 
superficial theory ignorant of practical wants and practi- 
cal means, will suffice to ensure success. Both physical 
science and practical sagacity will, in the art of steam 
navigation, iind enough to exhaust their united resources. 

We regret that we cannot record in the present work, 
that at this day the sdence of steam navigation is con*- 
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structed and can be presented to oar readers. "Rren the 
elementary principles of hydrodynamics are yet to be 
learned, before we ean apply them to tbe ends of iteam 
navigation* What seems the law of a flaid to-day, to- 
morrow shows to be a plausible fiction, or doubtful 
▼erisimilitode. How then ean it be expected that a 
science shonld be determined^ when its very founda- 
tions are yet to be laid ? We shall, however, endea- 
vour to generalize what we with certainty know, con- 
yinced that a dear statement of oor ignoranoe is often the 
stepping-stone to truth. The steam ship consists of three 
integrant parts : the marine-eogine, with its boilers, by 
which the moTtng power is famished ; the propelling ap* 
paratos, by which it is rendered locomotire ; and the ship 
itself, which contains both. We shall consider each 
aparti and then their combination* 

The Marine Steam^EngmeJ^The marine ateampen* 
gine is of a structure more complex than the common 
fixed 8team-engine,<ina8much as its function is locomotive, 
and it differs firom a land-engine in thoee pecoliaritiea 
which adapt it to the unstable nature of its support. He 
who looks at the ponderous masses of matter that form 
and snstain the shock of a powerfol engine on land, the 
beams of iron, the blocks of stone, the deep bnttresses, 
and the powerful walls which form its bed, on which it is 
adjusted at onoe with the greatest accuracy and power, 
and which it nevertheless causes to quiver and tremble 
by its giant strokes, M ill readily understand the incre- 
dulity with which the first projectors of steam naviga- 
tion were regarded. 

The earliest application of the steam-engine was to the 
pumping of water. We find that when it was first used 
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to theeffsct of making iiiadiiiierfr0TolTe»ihegml lever 
of the pumping engine was letaliied. So was it in the 
application of the steam-engine to navigation ; and the 
marine tteam-engine moit generally osed at ike pfeaent 
day, both here and in America» ia eaOed the beam-en« 
gine, or lever engine. 

The first of the following diagrama represents the 
beam engine, or. lever engine, as nsed en land to torn 
ronnd machinery ; the second represents the lever engine, 
as used in America to give revolution to the paddle 
wheels of a steam boat; and the third repvesents the 
lever engine of British steam vessds. 

Fig. 1. . Fig. 2. 




Fig. 3. 




In all of these figures, S represents the place of the 
steam-cylinder, in which»^by the alternate action of the 



steftm on opposite sides of the piston Py that md ik% 
pistOD-rod P B am ibroed alternately to tlio top and 

bottom of the cylinder ; and so the end of the lever or 
great beam B B is carried np and down around the 
oentre My csnying with it the conneeting lod KB, by 
whose reciprocation the crank-pin K, of the crank radios 
K X, is carried round on the great revolving shaft X, 
whichi in the case of the marine enginoy is the aads of 
the paddle whed, and in the esse of the statioaary en* 
gine, is the axis only of the fly-wheel. V is the place of 
the Yalves by which steam is admitted from the boiler 
into the eylindoTy and» after haTing done its duty, is 
educted into the condenser C, where, by a jet of cold 
water omistantly pkyiag, it is immediately condensed into 
water of the sorenteen-hnndredth part of its bulky and 
so leaves the cylinder empty, i. e. nearly a perfect va- 
cnum ; and as this condensing receptacle would soon^ 
by tiM jet of cold water flowing into i^ and^the aocomn* 
lation of condensed steam, be filled with water and its 
evolved gases, the air and water are pumped out at each 
stroke of the engine by the ait^pomp A> worked from 
the lever or working beam B B, and so the vacnnm 
is kept perfect and the condenser effective. The feed- 
pump F replenishes the boiler G with some of the water 
extracted from the condenser, at a temperatnre of about 
90°, and 80 supplies the deficiency caused by the con- 
tinual evaporation of the water, at the rate of 6 gallont 
for each horse power every boor. 

The differences between the arrangements of the ma- 
rine steam-engine used in Great Britain, and the land 
steam-engine, are chiefly these : the lerer or great 
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beam, which, in the laad engine, is above the top of the 
engine;, and which in large engines is generally coBoipoeed 
of a pair of thin deep beams of east iron, united side by 
side iuto one ; this single beam is brought down in the 
marUie engine to the bottom of the engme, or rather, 
one-half of the great beam u placed on either side of the 
cylinder, the two being connected together from the op- 
posite sides of the engine, so as to act simoltaneonsly as a 
•ingle lever. This form of engine^ sometimes applied to 
other purposes as well as to navigation, is called, from this 
disposition of the working lieam, the side lever engine. 

Another pecoliarity in the marine engine^ sometimei 
however adopted in land engines, is the place and ar- 
rangement of the condenser C, which, instead of being 
placed in a cistern of mter, is set immediately on the 
centre of the engine, the condensation being wholly 
effected by the play of the jet of water in the interior of 
the condensert without sorronnding its external sarfMse 
with cold water, as in the stationary engine. When 
thus placed, the condenser has also the advantage of giving 
support to the main centre of the engine, around which 
the levers move in giving revolution to the paddle wheels. 

Before proceeding farther with this article, the reader 
is requested to make himself familiar with the parts and 
arrangements of the engine already described, by refer- 
ring to the plates of the marine engines given at the end, 
and to the descriptions of them. 

It will be observed that the air-pump A is generally 
placed on the side of the engine farthest from the cylin- 
der. This arrangement is convenient in point of room, 
and keeps the moving parts of the engine itself more 
perfectly in e^uilibrio* 



ySBTICAI* £NOIN£S. 263 

Beside the air-pump is generally placed tlie feed pninpy 
designed to foroe water ont of the air«panip or dis- 
diarge-pipe into the b<^er. This is the general dis- 
position of parts, which the reader will easily be able to 
recognise in the pktes giren with this article* 

Although the lever engine is the form most commonljr 
employed for marine purposes, it is by no means the 
only form. Very many attempts have been made to 
ohtahi engines more compact and of less weight and 
bulk than the lever engine. These are distinguished 
from the IcTer engines by the names vertical engines, 
steeple engines, and engines of direct connexion. It is 
still doubtful whether any of them, except in very pecu- 
liar circumstances, are practically to be preferred to the 
lever eng^e ; on the contrary, objectioni of a serious 
nature are alleged agunst them* 

We have already seen that the first steam boat, the 
Comet of _Mr Bell, had a vertical engine. It was re- 
marked of this vessd that the strain of the engine on the 
vessel was very small ; but this has been attributed to the 
low proportion of power to the tonnage of the vesseL 

Fig. 4. Fig. 5. The first steam vessel 

whose engines we had 
the pleasure of seeing, 
had a pair of vertical 
engines, made by Gutz- 
nier of Leith ; the paddle- 
shaft B being directly 
over the axis of the 
cylinders A, as in figs. 4. 
and 5. 

'Modifications of this plan of direct or immediate 
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connexion bare been veoeatly tried on a laiigfer leale ; 
bat tbe metbod bas tbe disadvantages of admitting 

only a short stroke and a short connecting rod, and 
feqnbresthat the beigbt of tbe axisabore tbe bottom of 
tbe eylinder sbonld be at least three times the lengUi 
of the stroke. Thus, one of the extremes, too short a 
connecting rod, too short a stroke, or a paddle axis too 
bigb above tbe floor of the yessely is ineoned* 

To ohtain the same ohject withont incurring those 
evils, many descriptions of engine have been contrived. 
Tbe following admits of pladng tbe paddle axis at litHe 
more than double tbe bmgbt of libe stroke of tbe en- 
gine, and gives a connecting rod of 1^ or 2 times the 
stroke. The piston-rod P is inserted into a crois-kead 
cf 4 to tbe extremities of wbidi two Tertical rods d e» 
d e, are attached. With the lower extremities of these 
rods the side-rods g/fffftaie connected; the npper ends 
of these side-rods are attached to the cross-bead g g,Xo 
the centre of which the crank rod is attached. 



Fig. 6. Fig. 7. 
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This spedes of engine has the great disadrantages of 
a miiltiplidty of shafb, beariDgs, and cranks* It was 
afterwards simplified by Mr David Napier in the manner 
represented in the following figures ; vis. hy uniting into 
one forked cross-head each cioss-heod with its side 
rods. 



Fig. 8. Fig. 9. 




£ven thusy however, limits are placed on the length of 
stroke and height of shaft, so as to giro rise to incon- 
venience in many circumstances. To remedy these 
evils, Mr Napier appears to have invented the follow- 
ing class of engines, to which the cant term of steeple* 
engines appears to he snffidently appropriate. In the 
steeple-engine the piston-rod is made forked or divari- 
cated, so as, passing round the shaft, to rise above it to a 
oonriderable height, from which again descends the con- 
necting rod to the crank. The following example is that 
. of the engine of a vessel named the Clyde^ the first of 
the kind we erer saws^ 
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The top of tlie piston*rod carries a quadripartite cron- 
head h h, on each end of which stands a pillar h h ; these 
four pillan again unite in another quadraple crow<i 
lieady sustained upright by a Tertieal guide ; and it is 
from this summit that a connecting rod descends to the 
crank K. We believe that this principle of continuing 
the piston-rod round Uie axis by a forked frame was first 
devised, at the end of the last eentury, by Trevithic^ 
the famous high-pressure engineer, and by him applied to 
steam carriages* It is drawn in bis patent specifications. 

After passing through a great variety of phases the 
steeple-engine appears to have settled down into the two 
following shapes* In figs* 14 and 1^ the piston-rod is 
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seen united to a triangular ftamey from tiie apex of 

which the connecting rod descends to the crank. In 
fig. 16, this frame is show^n to be square^ and fig* 13 U 
the side view of both Tarietiea. 

Fig. 13. Fig. 14. Fig. 15. Fig. 16. 





Another method of accomplishing the direct conneo- 
ti(m without e&emnbering the deoky has twice been pa- 
tented: In the last instaooe by Mr Humphreys. It 
may be called the trunk-engine. The axis is placed 
at the height of half the Fig. 17. Fig. ig. 
stroke, or more, above the 
cylinder, and a connect- 
ing rod unites immedi- 
ately the crank pin with 
the centre of the piston. In this way 
the connecting rod, passing through ihe 
top of the cylinder^ wonld allow the steam 
to escape but for a large tmnk or casing 
with which it is surrounded, and which, 
passing through a chasm of large area 
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conceive to be eteam-tight, rises and falls with the 
piston to which it ii attachedt Id fig. 17, A A is the 
cylinder: to its pbton b attached a trank By which 
works through a stuffing-box in the cylinder cover ; to 
the pbton the connecting rod c c b attached. Fig* 18 
represents the top of the cylinder A A| with its staffing* 
box and the trunk B. 

For a like purpose^ oscillating cylinders have been 
used with some measnre of snecess. Rotatory engines . 
have been nnsnccessfnlly tried. The reader may now 
examine the vertical engines in the plates. 

in shorti it does not appear that any Tessel, either on 
a laige or small scale, eonstmcted with an engine differ- 
ent from the ordinary side lever engine, has been found 
to be practically superior to it ; and therefore we shall 
for the future speak of the lever-engpine of the ordhuury 
construction, when we treat of the marine steam* 
engine, unless when another species is expressly men- 
tioned. The lever-engine possesses three advantages of 
an important nature : — ^first, its parts are nearly m eqni- 
)ibrio ; secondly, its basis embraces a large part of the 
vessel's bottom for strength; thurdlyi the lever presents 
great facility for working its appendages. 

The Cylinder of Uie Marine Steam- Engine, — The cy- 
linder of the steam-engine being that portion of its ap- 
paratus^ by means of which the elastic force of the steam 
is directly applied to the mechanical arrangements by 
which the force of the machine is developed, i^ there- 
fore the principal member of l^he engine, on the sise of 
which its power and the dtmewpni of ihe other parts 
depend. 

It is according to the dimensions of the cylmder that 



Digitized bv ConnTr' 



C]tL.IKDER OF TH£ MARINE ENGINE. 269 

an engine receives its denomination, and is bought or 
•old. An engine is called a IO9 20, 50, or 100 horse 
power engine, according to the nnmber of indief in the 
diameter of the cylinder. It is not to be expected, how- 
ever, that erery steam-engine will develope the powei^ 
of a given nnmher of horses, simply becaose it has a 
cylinder of a given number of inches. This depends 
equally on the proper proportion, construction, and con<^ 
dition of all the other parti, without which the engine 
will be incapable of doing its proper dnty. The enginea 
of some makers will develope double the power of thosQ 
made by inferior engineers, even althongh in name and 
dimensions identical. Hence, the dimension of cylinder 
is taken according to a rule somewhat arbitrary, of the 
valoe both dynamical and peeimiary of the engine nndec 
the term nominal power ; and the actual efficiency of the 
engine under given circumstances, is called the real or 
effective power. Hence an ambiguity is incorred in 
speaking of the relative powers of engines, when it is 
not determined whether the real or nominal power is 
referred to. An engine of 100 horse power, which ought 
to be capable of giving out an effective power of 100 
horses, may, from bad workmanship, bad arrangements, 
or modified circumstances, only give out the real power 
of 50 horses ; and an engine of the same dimension of 
cylinder, and of the same nominal power, but of better 
construction, may give out, and frequently does give 
ont^ real and effective power equal to that of 150 horser. 
Real or effective power, and nominal or mercantile 
power, are seldom identical, and should always he dis- 
tingalshed from each other. 

Even the nominal or mercantile standard of power is 
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aol to pofffectly inTaiiabla at may be detired. It Taries a 

few inches according to the practice or policy of the 
engineer^ wlio is frequently called upon to give au inch 
or two more in lili mercantile dimeniionfy tban tiie strict 
letter of Km agreement might demand. Another cause 
of variation is this, that some engineers will prefer to 
leli a larger actual dimension under the name of a less 
numher of horse power, that their engines of a given 
nominal power may apparently do more work than those 
of other people. It is n third cause of Tariation, that 
some engine makers gire more than the actual dimen* 
don belonging to the power» in order that» mder even 
the most anfavo arable circumstances, the possessors of 

the engine may derive from it more than the full measure 
of the actual effective power which they require. 

The following table has been constructed from a 
eomparison of the praetiee of the most eminent marine 
sleam-engine makers, with the principles of their con- 
struction. But under the dimensions given, the engines 
of l>est construction will give out from one-fonrth to one* 
ibird more than their nominal power. We Imow, for 
example, that a cylinder of 74 inches diameter has been 
eonstmcted nnder the designation of 200 hones, whereas 
its proper nominal power is above 225 horses, and its 
actual effective power, as given out in the ship, was 
more than 300 horses. The contraction H.P. is gener- 
ally used instead of the words horse power. 
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Tabie of the Dimensions of the Cylinder of a Marine 
^eam-Engine of given Horse power. 



Nominal Power. 



10 H.P. 

15 



20 
25 
30 
35 
40 
45 
50 
60 
70 
80 
90 
100 
110 
115 
125 
130 

ir>o 

165 
175 
200 
225 
250 
275 
300 
350 
400 
500 



Dinemiom of Cylindtr. 



(WitlliB.) 



20 

24 
27 
30 
32 
34 
36 
38 
40 
43 
46 
49 
52 
55 
57 
57 
59 
60 
62 
65 
66 
70 
73 
76 

79 
82 
87 
92 
100 



Inches. 



n 

» 

n 
>i 

f> 

99 
>» 
If 
99 
99 
49 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 



Length of Stroke. 



2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 
6 
6 
6 
7 
< 

7 
7 
8 
8 
9 
10 



2 Feet 0 Jn. 
2 „ 2 
» 6 
» 10 

>9 2 



)) 
>> 
}> 
» 

» 

99 
99 
99 
99 
i9 
99 
99 
*9 
19 
99 
99 
99 
9* 



3 

6 

9 

0 

3 

6 

9 

0 

6 

6 

9 

0 

0 

3 

6 

6 

t) 

3 

6. 

9 

0 

6 

2 

0 



99 
99 
99 
99 
99 
99 
» 
» 

» 

» 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
99 
9t 



Thii table thowt tlial tlie power of the flteam-engine 
inereates more rapidly tiian tiie area of the cylinder or 

the square of the diameter. By the rule of the square of 
(he diameter^ the power of aa engine of 74 inches would 
be aboQt 200 instead of about 225; and 100 incbea dla- 
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meter would give only 333 hone power ; bat the same 
rde wonUl §^Te too small » diameter for the lowtfr 
powers. We believe that engines of the dimensions of 
this table will all work to more than their nominal 
power. 

The best proportion between the diameter of the 

cylinder and the length of the stroke, has been the sub- 
ject of mnch dispute, and of opposite practice. In Ame- 
rtea» a diameter of 40 inches is sometimes combined with 
a stroke of 10 or 11 feet, being more than double the 
length given in this country. On the Clyde» we have 
seen the opposite extreme, a diameter of 60 Inches with 
a stroke of only 4 feet. For sea-going ships, the pro- 
portions we have given are the most convenient. In 
deviating from this proportioiiy a longer stroke will be 
preferable to a shorter ; and with the necessary altera- 
tions required for high velocities of piston, a longer stroke 
workbg the steam expansively is likely to be attended 

with many advantages. 

By means of a long stroke or great velocity of piston, 

considerable advantages are gained. The pressure upon 

the journals and working parts of the engine^ and the 

consequent strain, is lessened in proportion to a given 
power. All the parts of the engine might be lighter 
than with a shorter stroke and a greater diameter of 
cylinder. A short stroke has however this advantage, 
that with a given length of lever and connecting rod, 
the angles of oblique pressure are smaller, and the 
intervals of time between maximum and minimum pres- 
sure are shorter. There are other peculiarities of 
smaller importance. On the whole, a longer stroke 
than that of the present British engine, as given in the 
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taUe,' is lo be reckoned considerably preferable lo a 
shorter one. 

' TJie velocity of the piston in the cylinder of a Bteem> 
engine is generany reckoned in this country at 220 feet a- 
rainnte, and all the arrangements of the engine and its 
work are made on that principle. We can find no better 
reason Ibr this than that a horse going at that speed, 
▼is. two miles an hour, can draw loO lbs. eight hours 
a-day, all the year round. Tredgold finds it to be a 
law of nature. It is strauge how mnch this arbitrary 
dogma, transmitted without question, has retarded the 
improvement of steam navigation. It is a rule as nni- 
rersal in its acceptation as it is groundless and inju- 
rious. With large condensers, and large ports and valves, 
double the speed may be employed with great advantage. 

Qmdenser and Air-Pump^The condenser is 
the most wonderful part of the marine-engine, as indeed 
of the ordinary steam-engine. It is here that the whole 
process carried on in the boiler in so great bulk, and at so 
much expense, is instantly reversed, and all its laborioas 
effects at once, as it were, annihilated. It is the instan- 
taneousness of condensation that is its virtne: without 
this the whole of its rirtue in the steam-engine is lost. 
Suppose a condenser capable of condensing the steam as 
fast as it is generated by the boiler, and given off in 
the cylinder, and no faster, what would be the conse- 
quence? The power of the engine would cease, the 
elastic force of the steam above the atmosphere would 
alone act, the steam being only condensed as the piston 
carried it out of the cylinder ; the engine would become 
nothing else in power but a high-pressure engine, whose 
steam is merely condensed before going out into the 
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atmotpheret II it by formiiig » perfect ▼aooom in the 

cylinder on the moment when the steam is ahoat to 
tater on the oppoeite tide^ that the fall power of the 
•teem can. alone be obtained in nsefal effect. A perfect 
condenser must, therefore, hare much greater capability 
than that of merely condensing the steam as fast as the 
boiler is capable of eracnating it^ or the engine af 
pasnng it through. 

We have insisted the more strongly on this pointy 
inatmncb as it is here priacipaUy that power is to be 
gained at smallest ezpme. Many otiier modes of con- 
densation have been tried besides condensation by jet, 
and without effect. Newcomen tried to condense by 
cold water outside his condenser ; so did SaTary, so did 
Watt, so did Cartwright, so did Napier on the Clyde, 
so did Stevens of Hoboken in America, so did Trevi- 
tbici Symington^ Mills» and many others ; bnt without 
success : for though they all succeeded so to as, by bay- 
ing cold water on the outside of the vessels, to condense 
the steam in the inside^ yet this condensation by con* 
taet» boweyer perfect in quantity, has always been 
slower in time than condensation by jet, and has conse- 
quently failed in developing the full power of the engine. 
In this list we haye not mentioned the name of the 
ingenious and enterprising Mr Hall of Basford, as be 
still continues to persevere against the difficulty of in- 
troducing successfully into use the system which has baf- 
fled the efforts of his predecessors; and perhaps his 
attempt may be attended with a higher degree of suc- 
cess than theirs. 

It appears difficult to assign a yolnme to the con- 
denser which shall giye it most efficiency. We hayo 
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•Mil effieient condenien from ooe fbulrtb of tho yoloino 

of the cylinder up to its full size. One-half the Yolume 
of tho cylinder appears to be a siae sufficiently con- 
Teniont and oflFoctiTe. 

The proper distribution of the water forming the jet, 
throughout the whole volume of the condenser, seems 
the most important pomt of efficacy in the condenser. 
Some engineers aceomplish this by aUowing the water 
to rise from the bottom of the condenser in a jet 
which striking the top» falls down in a shower, filling 
the whole condenser; others make this shower radiate 
in all directions from a perforated horizontal pipe ; and 
a third most effective method is, to spread out the jet 
in a thin film or sheet, like a waterfaU, through which 
the steam is compelled to pass. In marine engines, the 
water is permitted to flow into the condenser through 
a pipe in the ship's side, regulated by a cock. 

Mndi has been said regarding the perfeetion of the 
vacuum found in the condenser of a steam-engine, espe- 
ciaUy a marine engine. It does not appear to be known 
that a Taeonm may be too good. We hear it boasted 
erery day by rival engineers that their engines haTO tiie 
best vacuum. Some boast their vacuum at 27 inches 
others at 28, others at 29, some at 30, and at last an 
engineer appears who boasts a vacuum of 30^ inches. 
It is to be regretted that time and talent should be thus 
wasted. It is a £sct of great importance, confirmed by 
ea[periment and by practice^ that a vaennm may be too 
good, and become a loss instead of a gain. The truth 
is simply this, and should be known to every engineer : 
If ike bairomiier Uand at 2^ inekesf the standard ef tkie 
eemtry, lAe vacuum in the ooiidmnseb t# too oood 
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raise in die iaromeUr more Aan 28 iMekee of mer^ 

cury. This important truth is incontrovertible, and it 
practically exliibited every day* 

The folio vring ia a simple proof of this doctrine, di- 
vested as far as possible of a technical form, and pnt in 
the shape of an enquiry into the best state of a con- 
denser* 

Let / 2= the caloric of water of l^. 

c= the constituent caloric of water in the state 
of steam. 

e = the total force of steam in the holier in inches 

of mercury ; 

and X = the elastic force of steam at the temperature 
of best condensation which we seek to dis* 
cover. 

Thnn from the law which connects the elastic force of 
steam with temperature, as already determined in oar 
treatise on Steam, it follow% that in the case of maximum 
effect, or the temperature of best condensation, 

— = — that IS — 
c e c 

BOW c=s 1000, and if the steam In the hoUer he at 5 Ihs. 

above the atmospLci o, or if c = 40 inches of mercury* 
and / = 1| 

40 

'=1000 = 

Again, if the steam be at 7^ lbs. = 45 inches, 

45 

^=1000=^-^^^ 
Again, if the steam be at 10 lbs. = 50 inches, 

*=iooo=^'^^ 
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f 

Heiice» we fiad (hat the best elasticity or temperature 
in the condenser depends on the elastio force of the 
steam in the boiler. 

With steam of 5 lbs. in the boiler, the elasticity of 
maximum effect in the condenser is at of Fahrenhmt, 
and the best yaeanm in the barometer is 28. With 
steam of 7^ lbs. in the boiler, the elasticity of maximum 
effect in the condenser is 95>^ of Fahrenheit^ and the 
best vacnmn in the barometer is 27^. With steam of 10 
lbs. in the boiler, the elasticity of maximum effect in 
the condenser is 97'*, and the best vacuum in the baro- 
meter is 27.d« In like manner it wonid be found that 
with steam of 50 lbs. in the boiler, worked expansively, 
as in Cornwall, the best vacuum in the condenser would 
be about 26^* on the barometer. 

It is hoped, therefore, that engineers will not in In* 
tare distress themselves, at finding the vacuum of their 
condenser much less perfect than the vacuum of others 
who have obtained 30» and S0| inches^ at so great a loss 
of fuel and power. To obtain a vacuum of 29^ with 
the weather-glass at 29.75, and steam at 7^ lbs., would 
be to sacrifice four horse power out of every hundred* 
In a day when the barometer is as low as 28} inches^ 
the vacuum in the condenser should indicate 26.8. 

In speaking of the vacuum in the condenser^ it would 
. save much ambiguity to indicate the elasticity merely of 
the gas in the condenser. Thus, if the barometer stands 
without at 29^, and the barometer of the condenser at 28, 
it might be stated that the steam in the condenser stands at 

being the point of maximum effect; and the indication 
would at all times convey more precise information. 

An air-pump is an appendage rendered necessary by 
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the condenser, and especially by condensation by jet 
iTcoM. Ordinary water contaim aboni 5 per cent ef 
air and other gases, which become disengaged in the 
condenser, and must be withdrawn, to maintain the 
Taeamn* Hence the air-pnmp^ which ia also naed to 
withdraw the water which acenmnktes in the condes- 
ser. A valve between it and the condenser is called 
the foot valve ; and a valve at the exit from the top of 
the air-pump ia called the discharge ralre. They are 
•thns arranged : 8 the cylinder, C the condenser, A the 
air-pump, F the foot valve, and D the discharge valve. 



Fig. 19. 




The dimensions of the air-pump seem to vary from 

J to ] of the volume of the steam cylinder. I do not 
know any disadvantage of importance in having a large 
air*pamp; as, if properly constructed, the force which is 
required to work it will be nearly in the proportion of 
the elasticity of the gas which it lias to remove from 
the condenser. To give the air-pump lialf the stroke of 
the cylinder and ^ of the area of the cylinder, or ^ of 
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the stroke of tlie cylinder and ^ the area of the cylmder, 
are eommoii proportions* 

Th€ Valves and Valve Passages^The notion that 
becaose a horse can do most work at the rate of 2| 
miles an hour, or 220 feet a minutey therefore a steam- 
engine shonid also move at that rmte» is a prescriptive 
error almost ridiculous ; but from which it will never- 
theless be difficult for us to escape, especially as the pro- 
portions generally in nse are deriyed £rom this absurd 
dog^a. There is no donbt that the passages and ralres 
should simply be as large as possible, and those valves 
shonid be used which can be most enlarged with least 
ineonrenience. Such yalres we possess in the dass of 
equilibrium valves. These valves may have an area as 
large as the tenth-part of the cylinder without disad- 
Tantage» and the velocity of the piston may thus be in- 
creased, and consequently the power of the engine, with 
great advantage, especially in steam navigation. We 
hare the best possible means of knowings that with pro- 
per yalyes and passages, the speed of the piston may 
very advantageously be increased to 250, 300, 400, and 
500 feet a minnte. The pistons pf the swiftest vessels 
in the world move at that rate. 

The kind of Talre most commonly in nse in steam- 
vessels is the long D -slide, as it is called ; and next to 
that is the short D-slide* There are scarcely any other 
kinds in nse in Britain. A yalre called the fonr-port 
slide valve has been used to a limited extent, as have 
also conical valves, and equilibrium valves, or double beat 
valves in this country, the latter very extensively in 
America. Tlie ^following are diagrams of the long and 
short D-slides. 
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Fig. 20. Fig. 21. 




The four- port slide valve is a recent inventioii, haying 
been the subject of a patent so lately as 1833. Since that 
time they have been used to a considerable extent in 
one part of Scotland. The same kind of valve was 
subsequently patented by another party in England, and 
these valves were put on board of some of her Majesty's 

1* * A. 



Fig. 22. Fig. 23. 




Figures 22 and 23 represent the four- port slide ralve, 
in two positions. A the cylinder; pp the piston; S 
the steam-pipe; WW the slide valvoe. Tbe airowi 
show tlie direction of the sttain* 
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The equilibrium valre will be found folly deseribed in 
our treatise on the Steam-Englne. 

The Bize of the ralres b a matter of lome conse- 
queace. That the valTes, passages, and ports by which 
the steam enteis the cylinder should allow a free pas- 
sage of ^^'^ the e3rlinder, is an <^d and pretty 
general rale. It is equally certain, howeyer, that the 
eduction valFeSy portSy and passages by which the steam 
enters the condenser should be much larger. They 
have been made -^th and -j^th of the area of the cylinder 
with advantage, in the case of high velocity of the piston. 

The Eceenirie^The Talves, by means of which the 
steam is alternately admitted to the cylinder on one 
sidO) and educted from the other side, into the condenser, 
are mored by the machine itself; and the very simple 
and beantifiil automatic contriTance for thai purpose is 
called the eccentric. 

We ha¥e folly described the action of the eccentric in 
the treatise on the Steam-Engine. In the marine en- 
Fig. 24. 




* 



2 a 
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gtne it it plaeed on the aadi of tho paddle wheels. In 
fig. 24 its usaal arrangement is shown» and in the PUites 

many examples will be found. 

As the shaft A mores roondi it is plain that the pro- 
jeetion of the eocentrioy first on one side of the shaft and 
then on the other side, will draw the eccentric rod in op- 
posite directions; and the distaDce of the centre of the 
eeoentrie from the centre of the shi^ will be placed noir 
on one side and now on another side of the axis. The 
motion thus produced is called the throw of the eccen- 
tric ; and half the tlirow is eqnal to the eccentricity. 

An important point in setting the valves is what is called 
the lead on the centres. What is the best instant of time 
at wlatk to allow the steam to enter or escape from the 
cylinder ? At first sight we should say, precisely at the 
instant of reversing the direction of the motion. This 
is not the case. Great advantage is gained by letting 
the steam ont of the condenser before the end of the 
stroke. A little of the force of the steam in the cylinder 
may thns be sacrificed ; bnt it is a very little^ say ^th of 
the stroke, and is mnch more than compensated by 
this, that the steam escaping thus early into the con- 
denser^ time is allowed for effectaal condensation, and 
there is an excellent vaconm in the cylinder by the time 
when the back- stroke begins. In like maoneri the steam- 
port may be slightly opened before the engine comes to 
the centre ; and as there are Tacnities at the top of the ' 
cylinders to be filled^ and as time is wanting for the 
passage of the steam, this is allowed. By the same 
means also the steam is cut off a little before coming to 
the end of the stroke, which allows the engine to work 
expansiTely ; and the vacnum port may in like manner be 
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shut, as the vapour will have been perfectly condensed 
. in the cylinder long before the end of the stroke. Mach 
of the efficiency of an engine depends on the adjustment 
of the slide. 

The eccentric of the marine engine is generally a 
loose eooentricy capable of tnniing the valves either so 
as to give the engine motion forwards or backwards. 
By placing the eccentric loose upon the axis, only with 
a projection on one side, which is carried round by a 
corresponding projection on the axis, it is left free, ex- 
cept when this check comes in contact with the projec- 
tion at either end of the stroke* To effect this, it is 
necessary to open the valves by hand through at least 
one half-stroke. 

The ffantUGear^ — The hand-gear u generally a lever 
or series of levers, which enables the engineer to shut 
and open the valves by hand before placing them in con- 
nexion with the eccentric By this means he places the 
machine either in the condition to keep moving forwards 
or backwards. For examples see the Plates. 

The Ea^neive Valves^Xi is of advantage to cut off 
a part of the steam which would l>e required to fill the 
cylinder^ so as to allow that quantity which has partly 
filled it to expand with its elastic force, and fill the rest 
of the cylinder without further supply from the boiler. 
The advantage of doing this, especially in long voyages 
has now become pretty generally known. A stop- 
valve V, fig. 2d» is placed on the steam-pipe S S', 
before it joins the casing of the common valves, which 
are applied as usual. The principal axis A of the 
engine carries a cam, with two profecttons aa propor- 
tloned in breadth to the extent of the stroke which is 
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Fig. 25. 




cat On this 

cam rolls a small 
pulley bf pressed 
dose by a weiglit 
w ; and by a 
simpleeoiraeetiBg 
rod the csm opens 
and shuts the 
TslFe with great 
Teloeity twice in 
each revelation. 
On this cam there may be Tarions grades at which the 
steam may be cat ofPin the stroke of the engine. This 
apparatus is used in all vessels calculated for long voyages. 

2%e Propariion of Power to Tomidsp f^Laige power 
or small power has alwa3rs been one of the Mrofts quet^ 
Hones of steam navigation. The early steam-boat en- 
fgxkeg had bat a small power proportioned to the ton* 
niage of the vessels in which they were placed. The 
Comet had 25 tons burden and only three horse power ; 
being about one horse power to eight tons> or a pro* 
portion of power to tonnage amonntmg to one-eighth. 

On this subject modern practice and modem opinion 
seem to offer no guide. A low proportion of power 
and a high proportion of power haye both their advo- 
cates. The East India Company have advocated and 
used low proportions of power to tonnage^ and in this 
they appear to hare followed the general maxims of 
southern engineers. The Government also appears to 
hare adopted the same course ; but without going to the 
same extreme. The Clyde engineers adopt the oppo- 
gite maxim; and place as much power in their vessels as 
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can be eonTeniently applied. There appem at the pte* 
tent moment to be a strong feeling in fayoor of a high 

proportion of power to tonnage. It has been fonnd by 
aome of the hest mercantile eompaniesy that a high pio- 
portkm !• not only better for expedition, bnt alao more 
economical of fuel and of capital than a smaller proper* 
tion; and initancea are freqoent of an increaae in the 
power of a tteam Teasel, producing a dtmlnntimi in the 
consumption of fuel. 

As this question is becoming every day of greater 
importance, it is proper to examine it carefnlly. In the 
first place, it is well known that the proportion of power 
must be very much increased to gain a given increase of 
speed. Thus, if 10 horse power propel a vessel through 
water five miles an hour, it will require 40 horse 
power to propel the same vessel ten miles an honr» or it 
will require a quadruple power to obtain a double speed t 
and, in like manner, it will require a ninefold power to 
triple the speed. In fact» the increased speed requires 
an increased power in a duplicate ratio of the increased 
speed; or if the speeds be as the numbers 1, 2, 3, 4, 5, 
9y IO9 &c*> the power required to attain those speeds 
must be 1, 4, 9, 16, 25, 81, 100 horses ; or according to 
the well known law of the resistance of fluids, the re- 
sistance which the water opposes to increased speed is 
nearly in the duplicate proportion of the speed. Thus, 
to increase the speed in a given proportion, the fire of 
the engbe and the consumption of fhelf which is nearly 
as the power of the engine, must be increased in a very 
high proportion. Hence the seeming great economy of 
a low power of engine and a small consumption of fuel. 

Thus a large power of engine occupies much of 
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the useful space of the vessel, which might have been 
filled with cargo. It consamea much coal, and the speed 
is by no means proportioned to the expense of fuel and 
machinery. Bat this is a very limited view of the sub- 
Ject. If time as an elementy and » very inportant one 
in the value of mercantile conveyance, be calculated, 
then it will in many cases be found, that high speed at 
any expense of fuel will oompensale for that expense* 
This is the case to a great extent in Britain, and 
especially in America, where a quarter of a mile an hour 
between the speed of two vessels rains the fortune 
of one ownerj and makes the fortune ot another. But 
it is not on the value of speed at the present day, that 
we proceed in this enquiry ; that can at once be appre- 
eiated by th6 local peculiarities of a given case. We are 
to enquire what may be the best proportion of power 
to tonnage in sea-going vessels, apart from the mere 
prioe of speed in the market. 

We have seen that the lowest speed in a steam vessel 

is the most economical, and that it requires great and 
expensive additions of power to gain high velocities. 
But in arriving at this conclusion, we have taken only the 
case of smooth and still water. Here it is obvious that the 
slowest rate and smallest po^A er will be most economical ; 
but it should be remembered that the great purposes 
4>f steam are generally of a different nature fWmi the 
mere generation of motion through a quiescent fluid. 
The force of adverse winds and waves is to be opposed, 
stream tides and cnrrenis are to be stemmed ; and it 4a 
the success of steam in conquering those obstacles, and 
obtaining regularity and speed in spite <^ them, which 
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eonstitotet its superiority over wind or animal power in 
narigatlon. 

Now, if we take a simple case of one of these, we 
shall soon find that a higher proportion of power to ton- 
nage may be essential, not only to speed, but even to 
economy. Suppose a steam boat with a small propor- 
tion of power, capable of propelling the vessel at the ve^ 
loeity of three miles an hour through still water, to be 
applied to stem a current of three miles an hour, is it 
not plain that the vessel would make no head way, and 
thus a low proportion of power would born an immense 
quantity of coal in doing nothing but standing still ? 

J4et us again suppose that the same vessel, capable of 
steaming three miles an hour, meets with a moderately 
strong breeze opposed to her, such as prevents her from 
malting any progress at all against it; then it is plain 
that by the continuation of this breeze, the vessel bnrning 
a continual supply of fuel would consume an indefinite 
quantity of eoal in standing still. This extreme case of 
too little power, shows that there is at least one propor- 
tion of power, which is too small for economy of fuel ; 
via., that proportion which, being very economical of 
fuel in fine weather, is brought op altogether by adverse 
winds. In this case, the consumption of fuel is rendered 
indefinite, and the useful effect of fuel completely anni- 
hilated by too smal a proportion of power. 

As, then, we have plainly established the existence of 
a limit to diminution of power, in the vicinity of which 
it most l>e followed by extravagant consumption of fuel, 
we may now proceed to investigate the question of best 
proportion, or the point where the attainment of high 
speed is acconipanied by absolute saving of fael as 
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4^pftr«d to lower velocity. For this purpose, we 
mei^y ttke it for granted that the speed through 
the water mSi he nearly aa the aqoare root of the 
power, according to the general law of the resistance 
of flaids ; that the rematanoe o£fered by had weather 
or adverse winds has heen ascertained and is de» 
termined on a particular station: that is, that it is 
known that on a given station a given vessel with a given 
power makes a voyage in adverse drenoMtanoes in^ 
sapposci double the time of her most prosperous voyage $ 
say her most proq^erons voyage is in fourteen days, and 
her adverse voyage in twenty-fonr days, hemg a retard* 
iog power of ten days out of twenty-four ; we take this 
retardation of ten days as the measure of the retarding 
power of adverse weather in the given cirenmstanoes. 
And further, let the following (quantities be thus re- 
presented 

Letil be the power, v the velocttyt y the fael'| 

consumed, t the time in good weather. 
Let h' be the power, v' the velocity,^ the fuel 

consmned, f the time in bad weather, 
Let h'^ be the power, v" the velocity,/" the fuel in another 

eonsnmed, ^ the time in good weather, | greater 
Let^he the power, «^ the veloeity,/'^ the fuel 

consumed, t'" the time in bad weather. 
Also, let k represent the consnroption of fuel per horse 
power per hour, and » the length of the voyage or dis- 
tance performed. Then 

fszkht vria given quantity, 

V 



il,oa 



power on 
theaame 
station. 



/= kh t 



t/= a given quantity. 
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hence 



Putting/'" = tt, A' =: and differentiating, we get 



whence by redaction^ in the case of a minimnnii we ob« 

tain the valae 

M^2k^ (A.) 

Whence we obtain the very limple nQe for findings the 

best proportion of power to tonnage : From the square of 
the vehdty of any given tfessel in good wea^ker, suhtrad 
the eqtMre of the velocity of the eame vessel in want 
weathei', divide the difference hy the square of the velocity 
in good t^tt^ier^ and the quotient^ mtdt^pUed into double 
the horse power of the said vessel^ will give the power 
which would propel the same vessel in the same cireum" 
stanees with the maUeet quantity of fueU 



We haye also from (A) k zsflh 



8b 
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(F)r = 



(G)r = — ^ 



It appears from the comparlsoii of (B) with (C), that 

a vessel has its power in the most economical proportion 
to its tonnage on a given station, when its worst voyage 
does not exeeed the time of its hest in a greater propor* 
tion than >y/2 to 1 ; that is, than 14 to 10, or 7 to 5. 

From (D) and (£) it farther appears^ that in a vessel 
whose power is thns proportioned, the consnmption of 
fuel in the worst voyage will not exceed that of the best 
voyage in a greater proportion than 10 to 7 ; that is to 
say, for 70 tons of fael hnmed in a good voyage, it will 
not be necessary to carry more than 100 tons, in order 
to provide against the worst. 

Let us take as an example a Transatlantic steam ship, 
which has a proportion of 1 horse power to 4 tons of 
oapadty, her anfavoofaUe voyage between England 
and America being twenty-two days, and her favourable 
voyage fourteen days, a comparative velocity of 7 and 11» 
then : 

o" 121. 121 

10, ' 

Hence, the power of such a vessel should be increased 
in the ratio of six to five ; that is to say, the engines at 
present oapabie of exerting a power of 500 horses* 
should have been capable of exerting a power of 600 
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horses, and would in this case have consmned less fuel» 
as veil as have j^roduced grealer regularity and a higher 
velodty. 

The fullowiiig results are obtained > 
The vessel of less power bums thirty tons per day, per- 
forms the distance in fbnrteen days, consuming 420 
tons of coals in fair weather. 
The vessel of less power bona thirty tons pw day, per- 
forms the distance in twenty<4wo days, consmning 660 
tons of coals, in foul weather. 
The vessel of greater power bums thirty-six tons per 
day, performs the distance in twelve and one-half 
days, consuming 450 tons of coals, in fair weather. 
The vessel of greater power bums thirty- six tons per day, 
performs the distance in 17^ day% consuming 630 
tons of coals, in foul weather; being a consnmption of 
30 tons less fuel, and performing the voyage in four 
and a half days less than the other. 
It is manifest that the store of fuel carried in the ves- 
sel with less power, must on all occasions be equal to 
the greatest consumption of fbel» that is^ to at least 660 
tons, whereas 630 tons will be sufficient for the vessel of 
greater power ; and as in ail vessels for long voyagesi 
coals carried are much more costly than the mere price of 
coals, or as the freight of the vessel is more costly than 
the fuel, coals carried are to l>e reclconed at least as ex* 
- penrive as coals bumed. Moreover, as the gain in time 
and in capital is four one>half out of twenty- two, being 
about 20^ per cent, it is plain that the vessel may be 
calculated to perform the distance oftener in a year; be« 
cause as the times of starting must alwa3rft be regulatedi 
not by the shorter bat by the longest period of a voyage, 
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seventeen one half days m the one caee^ Btsnd in tli6 
place of twenty-two days in the other. 

Afl another example^ let nt take the case of a TeMel 
calculated to stem the monsoon in the Indian seas. A 
vessel of 600 tons and 200 horse power, steaming in fair 
areather at the rate of eleven miles an hour, has heen 
fonnd to have her speed diminished by the monsoon to 
five miles an hour. What would be the best proportion 
of power in such circnmstances? 

v*— v** o 11'— 5t 16 . 
A'=2A__ =s2__ :s 3^ -early. 

Hence we see that the power being increased in the 
ratio of sixteen to ten, that is, engines of 820 horse- 
power being substituted for those of l'OO, the speed on 
the q^uick voyage would be twelve three-fourth miles an 
hour, instead of eleven, the speed against the monsoon 
increased from five to nine miles an hour, with a saving 
of coals amounting to forty tons out of 320 ; and when 
it is remembered that the voyage for which eighteen 
days would be required as continual allowance in the one 
case, might always be calculated on as performed in ten 
days in the other, the advantage is placed beyond all 
donbt. It appears, therefore, that for long voyages es* 
pecially, great advantages in point of economy, certainty, 
f^nd speed, are to be obtained by the use of vessels of a 
higher power than nsnal ; and that, in a given case, the 
l^est p^"oportion of power to tonnage may readily be de-» 
t^rmined from the rules already given. 

In regard to absolute or definite proportion, it may be 
stated as the result of the best vessels, that the propor- 
tion of power to tonnage should not be greater than 
on9 hors0 power to two tons ; the greater proportion 
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holding in the smaller^ and tho less proportion of power 

in the greater vessel. 

The Proportions^ Farm^ and Mechanical Structure of 
Steam iSAt/u;— In the treatise on ship hatlding, the reader 
will find the elements of construction of ships developed 
and applied in a satisfiEictory and lucid manner. There 
he will also learn, that naval architecture is scarcely 
recognised as a science in England. The reader will 
therefore be prepared for the announcement that the 
proportions and stmctnre of steam vessels is an enquiry 
which has hardly as yet systematically commenced j and 
it is with much hesitation that we set the example of en- 
deavouring to eliminate from the rude mass of practical 
truth and practical error, some general results worthy of 
confidence. We may premise^ that the drawing and 
finding the displaeementy centres of gravity, and buoy- 
ancy, and the calculations of stability, &c., may be per- 
formed for steam ships by the methods, and on the prin- 
ciples developed in the treatise to which the reader has 
already been referred. 

The proportions of steam vessels Were originally taken 
from sailing vessels ; the length being three or four times 
the breadth. Six breadths to the length is now a common 
proportion. The proportion of depth varies with dimen- 
sion, being about one-half the breadth in vessels of 100 
tons, two- thirds of the breadth in vessels of about 600 
tons, and tluree-fourths of the breadth in vessels of 1500 
tons. The qualities of a vessel depending much on its 
form, it is not possible to deduce a very precise rule for 
proportion abstracted from shape \ but the following list 
of dimensions is deduced from a comparison of the di- 
mensions of the best vessels, and will serve as a standard 
of reference for the existing state of practice^ The follow 
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ing are dimeiiriaiift of fliwh-decked yeM«ls wiihont poope or 
IbrecMtle. Where tlieee exists the depth mutt he dimmbh* 

ed 80 as to leare the mean depth the same. Thus^ in 
the tabky a tomoI of 180 feet long by thirty feet hes», 
has twoily feet depth f hot with a half-poop she would 
require to be only about eighteen one-half feet deep. 

Table of Dimensions of Sea-ffoing Steam Vessels of the 
bat prqparUons, tn conformity with the best practice in 
BrUam* 



Length be- 
tween theper- 
pendiculan. 


BffMltll - 

tween the 
paddles. 


Deptni nold« 
and 
midihips. 


Tonnace. 
inn JAW. 


vu reetj 


ID leety 


/ leeCy 








•71. 

8* 




1 AO 


1/ 


o 


1i.A 




lo 


o 


XOO 


114 


iv 


1A 
lU 


19/ 


ISSv 






sou 


13So 


91 


TO 

1« 


«OQ 




OO 


1Q 

lo 




loo 




1^ 
14 




144 


24 


15 


897 


150 


25 


16 


450 


156 


26 


17 


505 


162 


27 


18 


565 


168 


28 


19 


630 


174 


29 


20 


700 


180 


30 


21 


776 


186 


31 


22 


856 


192 


92 


23 


941 


200 


33 


24 


1044 


205 


34 


25 


1136 


210 


35 


26 


1231 


216 


36 


27 


1240 


222 


37 


28 


1455 


228 


38 


29 


1576 


235 


39 


30 


1712 


240 


40 


30 


1838 


250 


40 


30 


1923 


300 


50 


40 |d590 
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ally its qualities, and the choice of proportions to produce 
those qualities. The dimensions in this table apply to 
▼enela of fine proportien8» having a fine entraaoe and 
fim, and a side nearly upright. If however the area of 
the load- water line be very large, the vessel will be un- 
easy even with theie extreme dimensioni ; and in such a 
eaie the beam in the table is ratber excessive, while 
the height might probably be augmented without incon- 
venience. Againi if the midship section of the vessel be 
very square^ or merely rectangular, these dimaisions 
will sufl&ce. If however the bilges be round, and the 
sides slope outwards, more breadth may be usefully em« 
ployed, 80 as to leave the breadth at the load-water line 
nearly equal to, or rather greater than, the beam given 
in the table. 

Mirer, steam Tosseb are, in thia coimtry, and esped- 
elly en the Thames, made of great length in proportion 
to beam. Some of the swiftest river boats have their 
length equal to seven, dght, nine, and even ten timea 
ikmr beam, with advantage. In America they often have 
twelve times more length than breadth. 

The Form SUam Vessek^To determine the best 
fimn of a steam*ship may appear to be a much simpler 
case of the great problem of naval coiistrucUon, than the 
formation of a sailing vesseL The principal desideratum 
in a steam-ship being the power of gomg fast through 
the water in the single direction of the propelling power, 
this case of the problem appears to approach much more 
doseiy to the eonttmction of a solid that shall receive 
the least renstance in passing through the water, than 
to the case of the si^iling vessel, which has to work with 
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a propelling power which is genenlly in some other 
direetion than tliat in which the vesiel k designed to 
make way. In this point of riew, the prohlem of the 
steam ship is really a simpler case of the general pro- 
hlem than that of the sailing yesseL If, howerer, the 
steam ship is also to he a good sea boat, and to work on 
some occasions under canvass alone, as well as under 
steam alone at other times, the problem at once assumes 
an aspect more eomplez than that of dther proUem taken 
by itself. 

There is, however, a single fact which is important| 
as it Tory much simplifies the subject Vessels built 
expressly for the purpose of steaming, and adapted 
for that purpose in the best possible way, have been 
found» when under canvass, to equal the fastest shipa 
in sailing qualities. Their great lenglli and fine enda 
prevent them from falling to leeward; their fast for- 
mation, adapts them for going through the water; 
llieir boilers and machinery form a well placed and 
well distributed ballast; their fine ends and flaring 
how§ render them lively as sea boats ; and the small 
amount of th^ midship section, and small resutanc^ 
give them great speed under comparatively little can- 
vass. This practical fact, that a vessel formed exclu- 
sively for steaming, and adapted for that alone^ in the 
best possible manner, is found to be a good and fast 
ship under canvass, greatly facilitates the enquiry con- 
cerning the l»est form of a steam ship. To this we now 
add another confirmatory fact, that the ftstest schoon* 
ers, cutters, smugglers, yachts, and slavers, approach 
more nearly to the form of the best steamers than any 
other dasf of sailmg vessels. The problem of the best 
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form of a steam- ship becomes thus not only simpler, but 
doubly interesting, from the reflex influence it may be 
expected to produce on sailing ships* 

It Is difficult, without going into minute technical 
details, to explain the peculiarities in the shape of the 
best steam ^ips. The present state of practice shows, 
that systems perfectly opposite are adopted hy difierent 
builders. It is at all times difficult to convert into ver- 
bal statistics forms so delicate and complex as the stir* 
fiuses of double curvature formed by the bottom of a 
ship ; but the following considerations of a general na« 
tore may probably be intelligible. 

In the formation of steam-ships» it has been stated that 
there are opposite schools. One adopts and advocates 
a sharp bottom, a great rise of floor, great beam, exten- 
sile bearings on the surface, round sides, round water- 
lines, adopting altogether the formation of a full, capa- 
cious, stable, sea-going ship, only employing such dimen- 
sions and proportions as are given in the table of di* 
mensions already produced. Another school adopts a 
flat bottom, long floor, more angular bilge, upright sides, 
itnught entrance^ clean run, sharp endi^ comparatively 
small moment of stability, formed with the idea of going 
directly through the water in all weathers with the least 
proportion of resutance, and the smallest change of po- 
sition. A tiitrd school, of recent origin, adopts the hollow 
wave lines and new formation, of which the principles 
have been established by the writer of this article 
The fitttest steam vessels of the present day are built on 
this principle* 

The question of form may be taken np under several 
heads. 
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Th€ Tram9wr$9 SecHoth or Midships^Th^ liaipliil 

one of the earliest sections of a steam-ressel is the 
reetangley fig. 26. the bottom being flat, the aides rerticalf 
«Bd the bilges almost aogolar. This £(m. is rendered 
necessary when the breadth of the vessel over the paddles 
is to be rendored as snudl as possible. But this fonn, 
althoiigli it gives the greatest capacity when the breadtk 
and depth of water are limited, is at once weak at the 
bilges, liable to erankness, and uneasy at sea. To re- 
medy these evilsy the bilges have been rounded, and the 
floor sharpened, in order to give more easy lines on the 
bottom, and an easier bilge, as in iig. 27. 

Fig. 26. Fig. 27. 






And again, this method has been oarried la an ff j i ti 'em e, 
or with the intention of producing the best possible 
sea boat, by making the floor rery sharp, and the sides 
extremely round, Ihns : 

Fig. 28. 

But such boats are 
both unstable at 
sea, and pitch most 
violently. The next 
modes of eonstruo- 
tion have had for 
their object to pro* 

dnce the greatest capacity with the least material,* and 
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inatMifiuieof adhwioiito the witer* For thb pnrpote 

aemicircular and ellipticul bottoms have been tried, thus: 

Figr* Fig. 80. 




» But botfa of these, and espemally the fbrmer, although 

well suited for fast steamers, have a great tendency to 
oeoiUmte contiBoaUy, and roll with great latitude at sea. 

It appears firom ezperienoe, that there is great diffienlty 
in determining that section of vessel best suited to a steam- 
TesseL The rectangular figure first given is, as we have 
said, at oooe weak, and crank, and oneasy. The sharp- 
ening of the bottom, as in the figures which follow it, 
removes the engines up from the floor, and efiectively 
diaiaishes the hoght of the engine-room, as well as ren- 
ders the vessel crank, by raising- the centre of weight, and 
of the enguies, &c> too high ; and if, to counteract this 
ei41| the heam at the snrftee of the water he increased as 
in the third section, the vessel is rendered laborious, un- 
easy, and ineffective at sea by the excessive beam* Again, 
in the round hilges the ressel swings like a pendulum) 
and it seems as if her oscillating would never stop. 
From the multitude of practical experiments which have 
oome vnder onr notic;!^ we are led to the following con- 
diislons. 

!• That the existence of a fixed mass in the shape 
of engine and boilolii renderp the usual mode of deter- 
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mining the midship section of a ship inap^cable to 

sleaiu-ships ; and that the form must be determined with 
immediate reference to these. 2. That the engines of 
a yessel of 300 horse power oooiipy a space of ahont | 
of the heam of a ship, which necessarily is perfedljr 
flat ; and that the engine can only be firmly connected 
with this floor of the ship by being pkced as directly in 
contact with it as possible ; and fnrther, that the weight 
of the said engine must be placed as low as possible, on 
aoconnt of the place of the paddle wheel ; all of which 
desiderata can only be obtained by making the floor 
of the vessel parallel to the bottom of the engine. 
Hence the bottom of the ship should be nearly fiat across 
about § of her beam» thus >B to B, fig. 31, nearly flat, 
£ E the engines. 3. That no displacement is desirable on 
each side of the engines beyond what is required to give 
an easy tarn to the bilge ; for it is found, as indeed 
Fig. 31. it should be expected, that 

all displacement on each, 
side of the engines, at the 
lower part of the bilge, 
being, vacant space, or very 
ineffident stowage«ro(NDi, 
is not only wasted, but 
tends to impair the stabi- 
lity and sea- worthiness of the vessel ; and, further, the 
engines being placed low, a spedes of stability of the 
most Talnable nature is obtained. 4. That there are two 
ways of obtaining stability ; one by having the weight, 
of engmes and boilers as low as possible, which is 
obtained by the means already described, and by depth 
in the water; the other by considerable beam. Now,. 
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beam in excess is one of tlie worst features of a steam 

vessel. It prodaces a rolling oscillation, when the wind 
is in any degree ofi the heam, which impairs' exeeedingly 

the action of the paddles; it gives a species of roll, which 
is at the same time most distressing to passengers, and 
most injnrioas to the ship. All these had effiBcts are 
diminished, and can alone bo corrected, by obtaining 
stability as far as possible from depth of the centre of 
weight rather tlian heam^ according to the midship section 
already given* 

The Water Lines. — Opinions on the subject of 
water lineSy or on the degree and manner of fulness 
or fineness which the ends of a vessel should possess in 
reference to the middle, are as various as the deviations 
which one may conceive possible from any given shape. 
When with these we comhine the differences of opinion 
concerning midship sections, which differences must also 
affect very materially the form of water linoy we get 
into a lahyrinth of difficulties, in the intricades of which 
the good qualities of a steam ship are so often lost. 

Full round ends, convex outwardly at the bow, full 
ahove at the stem, and fine enough below to steer well, 
so rendering the form as like as possible to an American 
cotton ship, with a long straight narrow body in the 
middle; such a form has heen introduced for steam ves- 
sels, in the hope that the vessels, by liaving a small 
midship section and great buoyancy, might be easily 
propelled through the water. Even when they are 
made seven times as long as broad, we have seen vessels 
of this dass turn out failures. They have, in the first 
place, heen crank, in the second place wet, in the third 
place slow, and in the fourth place weak ; for, by having 
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too madi bearing at the en^a, and too little wbere Ifce 

chief weight is to be supported, viz. in the middle, they 
have invariably bent down in the middloi and riaen up 
at tbe ends. 

Full round ends, combined with a fall ronnd midship 
section, are a modification from which much has been 
expected, as fonning a ship of laige eiq[Nidty. This 
has been one of the worst and most extesMve mw 
perpetrated in the construction of large steam ships. 
The great breadth along the whole water line» arising 
fh>m the full lines, gives an ezoeis of snperficial sta- 
bility, which, with a cross sea, causes the vessel to roll 
violently, with an extent and abruptness of motion 
which the round form of the section has no tendency to 
prevent or retard. Then the full ends of the vessel pre- 
vent her speed through the water, and increase her mo- 
tion in a heavy sea, by increasing to excess her longitu« + 
dinal stability. In the next place, if the ends of the 
ship be used for stowage, it is plain that the great mass 
of matter at the two ends most render the ship labour- 
some, or the reverse of lively, according to the nautical 
phrase $ and the ship will less readily obey the helm. 
Sneh are some of the evils which, in many instances, 
and those especially in steam ships of the largest class, 
have been seen to result, and which necessarily must 
result, from the foil and round-bodied vessel used in 
steam navigation. 

These are not all the evils of the foil form. The 
stowage of such vessels is by no means e£Pective in pro* , 
portion to the weight, capacity, and displacement of the 
ship. In the first place, by giving mui^ space on both 
sides of the engine room, a very inferior species of stow- 
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Hge it obtained to that whioh resalts from additional 
longth of hold. Next, iho atowage room in tlie end of 

the ship, for which so much speed is sacritlced, cannot be 
made effeotive without rendering the ship unseaworthy 
and namanggeable ; for it ia notoriona, that in order to 
rectify the erroneous fulness for which so much is sacri- 
fieed> the ends of the ship are bulkheaded off to obtain 
the valoable qmdity of liyelineBS. Firat, then, fnlnesa 
ia obtained at a sacrifice of apeed and seaworthiness for 
some supposed advantage in capacity, &c.; then, that very 
eapadty is rendered ineffectual by the injadidona mode 
of its application. 

An opposite school from this recommends the long 
straight centre body of a ship^ with rectangular sections 
and sharp, fine, wedgelike ends. This form possesses the 
. advantage of small transverse sections, and gives great 
Stowage ; it is an easy sea boat, and is lively iiom its 
fine ends. The principal fault in this form of vessel is 
.i,v^t its liability to crankness — its weakness at the bilge. 
^ Many of the finest steam ships belong to tliis class. 

The last dass to which it ia necessary to make a par- 
ticular reference, are the steam ships recently constmcted 
on the wave lines, or the hollow- entrance line — on the 
principle which the writer of this treatise^ both by ex* 
periment and example, has laboured to introduce. The 
first vessel of this form was an experimental one of 75 
feet keel, laid down in 1834. The next was a steam 
vessel of 100 feet keel, constmcted in 1835. The next 
were two pleasure yachts of Mr Ashton Smith, a wealthy 
proprietor in Wales, whose observation on vessels had 
independently led him to the conclusion that hollow 
lines and a peculiar midship section gave the easiest and 
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b«tt sea tteameri ; and both of these resselsi of 1838-39, 
though merely approximations to the true wmyelbesy 

were remarkable for their speed and other excellent 
qualities. The fourth yessel of this class was the Shan- 
don steam vessel, altered from the old to the new lines» 
1840, with a gain from the same eng^ine of from two to 
three miles an hour in speed. This vessel is the pro« 
perty of Mr Robert Napier. The next and last vessel 
is the Flambeau, built in 1840, on the wave principle, 
by Mr Duncan of Greenock, with the co-operation of the 
present writer. This vessel^ with the smallest proportion 
of power to tonnage, and with the smallest supply of 
steam, is nevertheless by far the swiftest vessel on the 
Clyde. The Fire King, the largest of this new elass of 
vessels, is 660 tons, and has engines of 220 horse power. 
The Flambeau has only 70 horse power to 2S0 tons 
measurement. Vessels of this cbss have been found 
at sea to be both easy, stilF, dry, and lively ; while they 
are by far the fastest vessels of their power. The 
speed of the Fire King, now the property of Mr Robert 
Napier, is fifteen miles an hour in still water. The 
speed of the smaller vessel, the Flambeau, with very 
deficient steam, is fourteen miles an hour; a velocity 
which, with her small proportion of steam power, is only 
to be attributed to her superior form, and the slight de«^ 
gree of resistance which she encounters from the water. 

The principle on which these wave ships are con- 
structed is, that the hollow lines forming the entrance 
are to correspond, as nearly as may be consistent with 
the form of a ship, to the form of a certain wave ca« 
pable of moving with the same velocity as the vessel. 
The analogy between the displacement of the water by 
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a wave of the first order, and its displacement by a vefl* 
•el moring wUh the aune Telointyi being le very oloee as 
to approach to identity) rendered it probable that the 
same mode of displacement wonld be followed in both 
casee with the |ame resulty viz. the produetion of ndnimimi 
reeiatttoce. It was further to be anticipated, ihat as m 
ware, when allowed to follow the usual mode of dis- 
placing the particles of water over which it paBses, pre- 
sents a smootii and unbroken sweDing snrfeoe^ so the ves* 
sel, if of the proper shape, according to these wave- 
lines, would divide the water at the bow in a smooth, 
unbroken sheet, instead of showing the nsnal head of 
water or surge exhibited at the bow of ordinary vessels 
at high velocities. On the other hand, when a wave 
encoontos a shapeless rook, or breaks on a nigged coast, 
it exhibits tibe same violent snrges which are presented 
on the bow of vessels of the usual form. Thus, then, 
the analogy leads as to suppose, that the smooth, conti* 
noons, resisting displacement of a wave, would be the 
best method of displacement for a vessel. On submit- 
ting the question of least resistance to the elementary 
calonlation, it appeared ihat the form of least resistance 
was very close indeed to that of the wave. The science 
of hydrodynamics is not, however, suffidently matured 
to enable us to place implicit dependence on all the re- 
sults of its calculations, unless where they are supported 
by actual observation ; and it therefore became necessary 
to make the experiment. 

For the purpose of determining whether this form 
were tluit of least resistance, an experimental vessel, about, 
seTenty*five feet long, waa constructed <m a hypotheti- 
cal form of least resistance, with the wave water lines. 

2c 
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When ibif Teiwl was propelled al the rate of •even-^ 

teen miles an hour through the water, it was found, that 
initead of the ofloal euige exhibited at the bow of 
oilier Teeaele, the water was ported ao smootUy and 

quietly, that no white spray nor. other symptoms of high 
speed and gpreat retiatance weie Tisible^ and the parted 
water returned peaeeaUyto the plaoe it had oecnpied 
previous to the transit of the boat, with only a slight 
tranahition forwards. It appeared, therefore, Arom the 
experiment, that no greater qnanUty of motion was com- 
municated to the water than was necessary to permit the 
vessel to pass through, and with no greater velocity than 
the speed of the Teasel demanded. It wan then presumed 
that this form was that of least resistance ; and all subse- 
quent experiment appears to demonstrate the truth of 
this infeienee from faet, as predicted by anilogy and cal- 
culation. 

It is also worthy of remark, that this form is capable 
of being combined with all the good qnalities of a steam 
ship, soeh as strength, dryness, easiness, aswrilasgreaft 
speed ; but as the construction of such vessels noay still 
be deemed an experiment in progress, the writer will 
not occupy more spaoe with observations on his own 
researches. Thus much he felt it his duty to communi- 
cate^ hi order to adapt this treatise to the most recent 
condition of steam navigation. 

TTie immediate Mechanism of Propulsion, — The 
paddle wheel of the ordinary form (as given in the 
plates) seems to be the most perfect, as it is the moat 
simple, means of propelling vessels through the water. 
The idea soon occurred, that as the steam-engine is oal^ 
cnlated to torn ronnd wheels, it is only necessary to placoy. 
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on a wheel on the ontoide of a boat, large teeth or paddle* 

boards to take hold of the water, and so drive the vessel 
forward by simply taming the wheel. It was this plan 
that was adopted by Jonathan HnUs, u the first plan of a 
steam vessel. But there is no piece of mechanism (if we 
exoepty pcirhapsy the crank of the steam-enginOy) which has 
been more despised, or which more strennons and f^qnent 
atLempts have been made to improve or supersede, than 
the common paddle wheel. It is remarkabloi that like 
tike crank steam-engme, the paddle #heel is almost nni<« 
versally employed in practice, after tjie fullest experi- 
ment of many diversified improvements. In foct, after 
experiments of all sorts of oars, propellers, paddles, 
chaplets, screws, &c., the common paddle wheel conti- 
nues to predominate as the propeller." 

The numerous fanlu attributed to the common paddle 
wheel, are chiefly faults of misconception or malconstruc- 
tion. Jt is easy to account for both, 
' When a steam yessel is at rest in a harbour, and pre- 
vented from moving, or when in the act of setting out 
into motion after having been at rest, the defects of the 
common paddle wheel appear Fig. 32. 

to be very great. The paddle 
boards, fig. 32., on entering 
the water, press obliquely 
down into it, tending to raise 
or lift the vessel up out of the 
water with a force which pro- 
duces no useful effect. Again, 
when (he paddle is rising out 
/ of the water behind, it seems 
to do little moiie than raise or drive the wat^ upwards in 
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of its path that the propulsion of the paddle seems ex* 
erted in forwarding the hoaty and that only for a Terj dMurt 
time. A large part of the feroe of the tteam-esgtiio 
seems thus to be expended in raising up the vessel, and 
in eioTatiiig back water, and only a fmall portion in 
earrying forward the ship. But thti it the eaee of a 
vessel at rest or not in rapid motion. Now it is argued 
from this view of the case, that the only way in which a 
paddle wheel eoold be made effieiently to perform iti pro- 
pelling duty, would be, by giving the paddle boards snch 
a motion upon themselves as to keep them always in a 
vertical positioni both on entering the water and on emerg- 
ing from it. This was effected about the commencement 
of steam navigation by IVIr Buchanan of Glasgow, in what 
may be designated the parallel paddle wheel. 

The parallel wheel* 
Fig. 33. fig« 33, is constructed 

on this principloi that 
if two equal circles be 
equally divided, and 
so placed, that the dis* 
taaee between two of 
the points of division 
is equal to the distance 
between the centres 
of the circles, then 
will all the other 
points of diyision be 
'dUo equidistant, and 
all the straight lines joining them be parallel*" By giv- 
ing to each paddle board -rerolntton on an axis, and 




Digitized by 



FBOFELLING MECUAMSM — COMMON PADDLE. 309 

placing an arm at right angles to it, connected by h 
junction-bar with an eccentric strap around the axis, tha 
gmnetrical problem is meekaBioiUy conttnieted, and we 
have Buehamm^s panlld paddle wheel. Thig wheel, 
with and without alterations in mechanical atructure^ haa 
Wen invented and raprodaeed oyer and orer again. Il 
hat alwaya fiuled, bmg fadieally bad. 

In truth, the phenomena of a paddle-wheel revolving 
on a tleam-boaty when the veisel is in motion^ differ es- 
sentially in their form and effects from the phenomena 
of a wheel revolving around a centre which stands still. 
When the vessel is only starting^ or as yet moving very 
riowly, all the evils h«re mentioned do in some degree 
take place ; but by the motion of the vessel forwards, 
which is the result of the revolution of the paddles, the 
evils complained of aio at once remedied^ and the pad* 
die of a common wheel in a quick vessel is actually fea- 
thered," according to the most dexterous toss of the 
practised rower. A Utile study of the geometrical con- 
ditions of a paddle moving forwards and in a circle at 
the same time^ will make this plain. Let us trace for 
this purpose the motion of a single paddle* At the 
point Of the paddle*board O being in the position CV, the 

Fig. 3^. 
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wheel, tarnitig on a stationary axle> would bring the 
board 0 successively into the positions d^l/^ d\ d^f^f. 
&0.; but the axle being adraaoed by the motion of the 
boat into the places a, by c, e, /, g, h, i, kj I, m, n, 
Of pf q, in the same intervals of time, and these motions 
being simaltaneoa% the paddie-board describes a palhia 
reference to the water which is the result of both, and the 
successive positions of the paddle-board are aA, bB, cC, 
dD^ JVt gG, &c The paths described by the boards 
are trachoidal cnrres, being of the ftinily of the cy* 
cloid. No\v, from the study of the actual motion thus 
performed by the paddle-board of the common wheels 
it is plain, first of all, that the paddle is inserted iota 
the water in an angular position resembling closely the 
entrance of an oar into the water ; that it is then made 
to act horisontally on the water during a short intenral 
after which it is withdrawn from the water, edgeways, in 
an easy and elegant manner, which tlie dexterons rower 
might envy and try to equal, bat wMch he coold hardljr 
excel. 

AH this, however, takes for granted that the paddle 
and the boat are well proportioned and placed; other- 
wise all this perfection may be impaired or lost. To this 
exposition of the subject, it may be added, that the com- 
mon paddle-wheel Is in practice, as it ought to be in 
theory, exempt from the faults generally attributed to it i 
and that experiment has shown that its action presents 
as much perfection in operation, as its simple form and 
mechanical arrangements do in enabling the artist to 
give it durability and strength. 

When the paddle*wheel is badly proportioned, badly 
placed, attached to a very slow or iuil boat, or immersed 



uiyui^ed by Google 



FaOrEIXINO MECHANISM-— RADIATING PADDLE* 311 

too deep in the water, its action becomes impaired or 
in^ded. Heooe maeh attention has been deroted ta- 
the GonBtraction of a paddle that should be more efiec* 
tive in these unfavourable circumstances than the com- 
mon wheel ; in short, to construct a paddle-wheel that 
should be an effectire propeller, eren when immersed to 
its axisi or wholly placed under water. This may be 
properly enough called the radiating paddle, as distin* 
gnished from the parallel paddle. 

The radiating paddie is not constructed on the falla- 
cwus Tiew of the subject which gaye rise to the inven* 
tion of the parallel paddle wheel. On the contrary, it 
proceeds on the hypothesis, that the actual motion of a 
paddle wheel on a moving ship is cydoidal ; and its in* 
tentlon is to adapt the wheel with greater perfection to 
that cycloidal motion. The theorem on which it is 
founded is as follows. Let the circle in the following 
diagrams, figs. 85, 86, represent that drcle in a paddle* 
wheel which is described by a point moving in the com- 
mon cycloid, that is, where velocity in the circle is eqiud 
to the yelodty of the vessel, o bemg the centre of the 
paddle wheel, 

Fig. 35. Fig. 86. 
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theiH by the property of the cycloid, all lines drawn from 
the point M ak the taperior %xtrmky of the Toitlcil 
diftmeter of thai eirole to A, B, O, E, F, &c., pointi^ 
in its circamfereoce, will be parallel to the cycloid of 
progrofiioBi or rather to itt tangentSt at the pointi of 
iii periphery vhieb correspond to A, B, C, Szc^ 
when in motion. If it were possible to construct this 
geometrical problem m a mecluuiifial apparatot, this 
paddle wheel would hare great efficacy even when very 
deeply immersed. It is, however, difficult to make this 
motion perfect at M. But this species of mechanism 
has been very beantifnlly eombined and arranged by 
Morgan, Seaward, Cave, and others, whose geometrical 
apparatus is very beautiful. Unhappily the apparatus^ 
eren in its most perfect state, is only oorreet for a single 
velocity of vessel and of wheel : for a different velocity, 
the point of radiation of the paddles must be changed, or 
loss is at once inenrred. Henee it is found that this 
apparatus, like the common paddle, is liable to imperfee* 
tions of action, with every change of immersion and ve* 
loeity. When to this there are added the eompleadty» 
friction, cost, wear and tear, liability to accident, of this 
moving mechanism, introduced for obtaining the partial 
remedy or sliglit amelioration of an evil which by proper 
arrangement is but slightly felt under the old method, it 
becomes manifest, that the general abandonment of the 
radiating paddle*wheel, and the return to the common 
one, has not been without sound practical reason. 

The last species of paddle-wheel is that with the fixed 
float; in other words, the simple paddle-wheel with 
boards placed around its rtm. Of this there are various 
modifications. A very simple modification is that men- 
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tioned by Mr David StevensoD, in his excellent work on 
the dn) engineering of America. The paddle board o- 
the usual wheel is, as it were, cut in two, one half being 
placed half an interval in advance of the other, as in figs. 
Fig. 37. Fig. 38, 




87 and 38* This may be called the divided paddle wheel. 
The concassion of a paddle wheel striking the water is 

much lessened by this means, and the propelling force is 
rendered more nearly uniform. Another form of this wheel 
may be named the split paddle wheel, from having the 
paddle-board, as it were, split into two or more horizon- 
tal slips, by which the same advantage is obtained as from 
the divided paddle wheel. It has been proposed to place 



these strips in a cycloid; but 
no advantage results from 
the arrangement although 
the dignified name of the 
cycloidal paddle wheel has 
been applied to it. Again, 
it has been proposed to place 
the paddle boards-at all sorts 
of angles with the axis of the 
wheel, both horizontally and 
vertically, bat as yet without 
advantage. 

2d 



Fig. 39. 




Split Paddle Wheel. 
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A very simple expedient tends to remove all con- 
siderable irr^ularity or concussion from the common 
fitddle-wbeel. It is to allow the extremity of the paddle 
board nearest the side of the boat, to descend from six 
to twelve inches deeper in the water than the outer ex- 
tremity. This plan was carried into effect by the writer 
of this treatise on a steam vessel in 1836. The desired 
object was attained without any sacrifice of power or speed. 
For distinction we may call this the conical paddle wheel* 
It is shown in 40^ 41. 



Fig. 40. » Fig. 41. 




Conical Paddle Wheel. 

In the three following figures we have represented 
the single oblique paddle wheel. Fig. 44 shows the do- 
Telopment or stretch-out of a part of the drcumfer- 

ence of the wheel, to exhibit more clearly the arrange* 
ment of the paddle boards* 
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Fig. 42. 



Fig. 43. 



Fig. 44. 




Single Oblique Paddle Wheel 



In figfu 4&f 46, the double oblique paddle wheel » re- 
presented ; and in figure 47 the deTelo|Mnent of a portion 

of itsi circumference is given. 



Fig. 45 




Fig. 47. 



Double Oblique Paddle Wheel. 



Digitized by Google 



316 



STEAM KAVICATION. 



The Beefing Paddle, — One of the greategt improve* 
ments on paddle wheels^ and one of especial imporl* 
anoe to steam navigation, still remains to be invented* 

We mean such a mechanism as shall enable the steam 
commander to set out on a lon^ voyage deeply 
]aden» with a small diameter of paddle wheel ; that is» 
with the paddle boards near to the axis, and to in- 
crease the effective diameter of the paddle, that is, to 
remove the paddle boards further from the axit, as the 
* vessel proceeds on her voyage and is lightened by the 
consumption of coal. The invention of a durable, eco- 
nomical, and safe apparatus still remains to be made. In 
the infancy of steam navigation, Mr Buchanan of Glasgow 
published an account and drawing of a reefing paddle; 
Messrs Bolton and Watt are also in possession of a very 
old method of reefing paddles ; the Society of Arts in 
Scotland oiFered a prize several years ago for the inven- 
tion, without obtaining, out of many plans, one to be re- 
commended for practice ; and, finally, the indefatigable 
inventor, Mr Hall of Basford, has patented a very elegant 
mechanism for the same purpose* It still, however, re« 
mains to introduce and ♦-•tablish a perfect reefing appa- 
ratus, and the author of such a system will render the 
common paddle wheel a perfect propeller. 



HISTOBICAL SKETCH OF STEAM LOCOMOTION. 

Tu£ history of locomotives is inseparable from that of 
the hlgh-pressnre engine, first hinted at by the Marquis of 

^Vo^cester, and brought into practical use by Savar^, who 
proposed it for propelliog carriages. 
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Afterllie magnificent improvements of James Watt, high- 
pressure engines were neglected for many years. With re- 
ference to locomotioHt however^ the next soggestion seems 
to have come from Dr Robison, then a student in the nni* 
versity of Glasgow, who proposed, in 1759, the steam- 
engine to Watt as a means of moving wheel carriages. 
Murdoch, in 1782, to whom Trevithick was a pupil, made 
a model of a steam carriage, which was exhibited tu many 
persons. In 1784, Watt explains, in his patent, the 
manner in which, among other things, he proposes his 
engine to propel carriages. This method, although a curi- 
osity at the present day, bears the full impress of his 
mind. The boiler was to be of wooden staves hooped 
together with iron Iil<e a cask ; the iron furnace was to 
be inside the boiler and almost entirely surrounded hy 
the water, the whole being placed on a carriage, the 
wheels of which were to be worked by a piston, tlie reci- 
procating motion being conirerted into a rotatory one by 
toothed wheels and a sun and planet motion. His sys- 
tern of wheeU was a double one, their proportions dif- 
fering, and by this contrivance he proposed to overcome 
the variable resistance to be found on the road. The 
cylinder was to be seven inches diameter, the number of 
stroiies sixty per minute, and their length one foot. The 
carriage thus constrncted was to carry two persons. 
Watt, however, never built it, and continued till his death 
ail opponent of high-pre:»sure steam* 

The first person who may properly be said to have re- 
duced the theory to practice was Richard Trevithick, who 
seeing that lightness and portability were indispensable 
in any attempt at locomotion, either on common roads or 
on railroads, at once adopted the high-pressure principle. 
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Thia was In 18CI2» when, in eonjonotion with Vivian, he 

took oat a patent. The condenser, cisteroi air-pump, 
and 4M»ld water pnmp were omitted and the engine thna 
lightened, beeame net only coniiderably cheaper, hot had 
the power to move itself, as well as to carry a load as a 
wheel earriage* At first it waa tried on common roads, 
and was exhibited before thousands of people; among 
other places, near Euston square, where the London 
and Birmingham railway eompany*a station la now fixed. 

The carriage presented a handsome appearance, haTing 
two small wheels in front by which it was guided, and 
two large ones behind by which it wns driren* It had 
but one cylinder, and this, together with the boiler and 
fire, which were all enclosed in a case, was situated low 
down and in the rear of the. hind axle ; each driving 
wheel could be worked separately, ^or one could be re- 
Torsed while tlie other went forward^ their motion bmng 
produced by spur gear, to whidi was added a fly-wheeL 
The piston-rod outside the cylinder was doable, and 
droTO a cross piece, worldng in guides, on the oppodto 
aide of the mnked axle to the cylinder, and the cmnk 
of the axle revolved between the double parts of the 
piston rod. To this axle waa attached the firat of the 
toothed wheela ; and to the axle on which were the driw* 
ing wheels was attached the other, similar in size to the first, 
and worked by it* The steam codes were opened and ahnt 
by a connexion with the crank axle. The force pump, 
by which a supply of hot water, contained in the casing 
which enclosed the cylinder, fire box, wns injected 
into the boiler, was also worked from it, as were the bel* 
lows to produce sufficient combustion, Tiie specification 
of his patent also adTcrta to contrivances for Uicreaaing 
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tke adhetion of the wkeelf, althoogli they are mid to bo 

in general unnecessary; and it distinctly alludes to these 
engines being adapted for railroads* 

Some writers have aiaigned to Tre^tthick the merit ef 
inrenting the steam blast up the chimney, which may be 
termed the life blood of the locomotive engine* Trevi- 
tbidc has laurels enonghy and has no need to borrow » 
single leaf from the crown of another. The steam blast 
was invented by George Stephenson, and used by him 
eeHaialy prior to IBld; while in June 1815» Trevitbick, 
so far from using the waste steam to increase the draught, 
took out a patent, in which, among other improTement8» 
be ineloded a method of urging his fire by ftnners^ si* 
milar to a winnowing niachine. 

. In 18049 Treviihick took out another patent for a 
looomotive engine, in which be used a cylindrieal boiler 
with flat end, since called by his name. The fire door is 
near the chimney, and the furnace and flue is inside the 
boiler, the latter reenrring and baring its exit at the same 
end at which it entered. The cylinder is immersed in the 
boiler, all but a portion of the upper end, which is in- 
dosed in » socket surroonded by the steam* In bis first 
engine, the cylinder was horizontal, in the above it was 
rertical ; and it is in this latter that the waste steam 
was thrown into the cbinmey* It is curious that sucb 
an able man as Trevithick should not have discovered the 
advantage of this 4 for although his exit pipe was not 
regulated so as to produce any thing near the maximum 
effect, either by its position or size, yet it must inevitably 
bare increased the draughty although it is no less certain 
that be afterwards abandoned its use. 

This engine was worked at Merthyr Tydvil in South 
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WftletyMSTeryindiiFeraBltrmni-nMd. The wlietls vere 
pbin, md were foond to hmwe ample edketioii. Il Arew 

ten tons of bar iron, together with the necessary carriages 
Md its waler tiid fiiel» «( fife miles an hour. It was mot 
till a long time after tliia thai any ether oonndenihle 

improvement took place; and an imaginary difficulty, per- 
haps, had no UtUe effect in retarding the advaaoe of 
loeomotires : this was an idea which pretatled Ibr some 
yearSi that adhesion between the wheels and the road 
was the thing wanted. There neter was a greater mis* 
take ; the force of grayitation is foond to be amply snffi. 
ctent, and if not, adhesion can be had to an almost un- 
limited extent, by a galyanie action indaeed between the 
engine and the raiU. 

The next considerable improvement was in 1811, 
when a patent was taken ont hy Blenkinsop ibr the first 
double cylindered engine. The boiler was drcnlar, 
having the fire door at one end, opening into a tube in 
which was the furnace. This tube ran through the 
the boiler, and makir>g; its exit, without any recurving, at 
the opposite end, was bent up to form the chimney. 
The cylinders were principally in the boiler; they were 
both vertical, eight inches in diameter, and their upper 
ends were outside the boiler at the top, where the educ- 
tion pipes met in a single tube, and threw the steam 
into tlie air. The piston rods, by means of cross-heads, 
worked the connecting rods, which came down to two 
cranks on each side below the holler, placed at right 
angles in order to pass their centres with certainty. 
These cranks worked two shafts, fixed across the engine^ 
on which were small toothed wheels working into a larger 
one between them. On the axis of this, and outside the 
framing, were the driTing wheels, one of which was toothed 
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fliid- woflud into a raek on one tide of tbe railwny : there 

were two pair of two plain flanged wheels, one before and 
one behind the driving pair, which ran on rails in the 
mialwny. The weight of this engine was stated to lie 5 

tons, its consumption of water 50 gallons per hour, of coal 

761bs per honr, and it drew 94 tons on a level at 3^ miles 
an boor, or 15 tons op 1 in 15 ; its maximum speed was 10 

miles an hour, and its cost £400. 

Tbe next patent was in 1812 to Messrs Chapman* 
Here tbe first mention of fanners to exeito eombastion 
occurs. The motion was to be produced by having a chain 
passing round a barrel fixed to the engine. Tbe chain 
was to be stretebed along tbe railroad and made fast at 
each end) the barrel being set in motion by spur gear. 
It had eight wheels, the boiler was Trevithick's ; it was 
tried at Ueaton eoUtery* bnt did not succeed ; its wetgbt 
was 6 tons, and it drew 54 tons up 46 feet in a mile, or 
about 1 in 1 15 at 4 miles an hour. This latter perfor- 
maQce> bowever, was by an engine differing from tbe above; 
tbe wheels were worked by spur gear and not by tbe cbaiiii 
and it could not start the above load without considerable 
slipping of the wbeels, altbongb it drew it when once 
in motion ; hence 115 in. has been supposed tbe limit of 
adhesion with an engine weighing 6 tons ; this, however, 
is not correct. In these old engines, tbe adhesion bad re- 
lation to the number of wheels, wbicb in tbis case was 
eight. In the modern ones it has reference more to the 
manner in wbicb the weight is distributed, tbe driving 
wbeels always having, of course, tbe greatest proportion. 
Trevithick's engines were tried by Mr Blackett of Wylam, 
in ISiS, and were worlced by tbe adhesion of their wbeels 
only. Tbis was on a tram*way. 
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We now come to George Stephenton in 1814^ wlieie 

first efiort was the construction of an engine fur the 
Kiliingworth colliery. Thin had two vertical cyliadera» 
partly within the boiler and partly above it. This engine' 
worked upon what is termed the ttecoud motion, that is 
to say, the connecting rods worked a middle axle com- 
munlcating by means of spur wheeli to the main sbaft, 
on which were the engine wheels ; these were four ia 
unmber, and were fixed to their axles; so the eranks» 
which were at right angles, tamed two cogged wheels, 
and these gave motion to two others twice th«*ir diameter, 
fixed on the main axles. The cylinders were not so far 
apart as those in nse at present, in order to give as mneh 
perpendicularity as possible to the connecting rods ; the 
middle cranks worked within the case of the engine ; the 
chimney was cast iron, around which was a chamber ex- 
tending back to the feed pumps, for the purpose of heating 
the water previons to its injection into the boiler. 

In order to neutralize as much as possible the shocks 
which this engine would meet from obstacles or incqoali* 
ties on the road, as it had no springs whatever, the water 
barrel, which served as a tender, was fixed to the end of 
a lever and weighted ; the other end of the lever being 
connected with the frame of the locomotive carriage, 
thus keeping up a vibratory motion on an uneven way. 
The boiler had one lai^e tube in the centre, and rested 
on the carriage frame ; but the lever apparatus was not 
found to compensate for the total absence of springs ; 
and that it was inefficacious was of course soon dis- 
covered, by the machinery becoming deranged from the 
shocks. In fact, on this very engine the fate of loco- 
motives may be said to have hung. It never made foil 
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•leam eaoDgli to go mora than aboiil three miles an 
hevr, and woald have been eondemned ai naeleM had nol 

Mr Stephenson at last applied to it the steam blast. This 
al onee donUed the power of the engine* enabling her to 
go SIX miles an hour and maintain her steam. Even 
then this engine only ran about twelve months, and 
gave place at the end of that period to further improTe* 
ments. 

The next locomotlre constructed by Mr Stephenson 
una that fer which his first patent was obtained. Thia 
was taken ont in Febmary 1815, in eonjonction with Mr 
Dodd, and the alteration consisted in using a crank pin 
ootsidetho driWng wheels; one pidr of which was worked 
by each cylinder, the crank pins being kept at right 
angles by means of an endless chain working round 
wheels fitted with cogs to recMTO the links. These 
wheels and the chain superseded the use of spur gear, 

which had been fonnd objectionable* and this engine 
worked weU. It had a third pair of wheels between the 

two driving pair. 

In June 1815* Trerithick took ont another patent* in 

which he proposed fanners consisting of " flat plates or 
leaTcs*" revolving in a case, which were to *< produce a 
cnrrent of air in the manner of a winnowing machine* to 
blow the fire." He also, in the same patent, propo!«ed to 
place in the flue a screw or set of vanes, somewhat simi- 
lar to a smoke-jack*" which were to ** revolve by connec- 
tion with the steam-engine, for the purpose of creating an 
artificial draught in the chimney." Similar contrivances to 
these were afterwards claimed by Lord Cochrane and Mr 
Galloway, and also by Messrs Braithwaite and Ericson. 
The former contrivance— namely* fanners revolving 
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npidly inside a cireolar drum liai been lately nted wilb 
saeoen at a meet powerful blowing maeluae for inm ftat^ 

naces, and other works requiring a very intense heal; 
yet the invention it nearly 200 years old, and at to re^ 
mote a period it appeared in print with explanatory 
engraving8« One kind of tubular bailers had long been 
knowHt and were nted by Trevithick; being in tfait 
patent stated as a part of bis apparatus, although he only 
claimed a modification of them. They were vertical, and 
eontained water, not fire or hot air, like thote of ^ reoeiit 
eonttmetion. 

The next patent was in 1816 to Messrs Stephenson 
and Looke, with which the improvement of Stephentoa 
and Dodd was incorporated. This patent extended to 
railways, carriage wheels, and several other useful mat- 
ten connected with the tame tuhjeet, and, among other 
thingt, the following contrivance was introdnoed. The 
weight of the engine rested on steam- springs by means 
of three pair of small cylinders, fixed to the lower part 
of the boiler, and open to the inside of it, in which they 
entered for several inches. These cylinders were also 
open at the bottom, and a piston rod, with a solid piston, 
worked in them: the lower end of these piston rods, 
after passing through a hole in the framing of tlie engine, 
were fixed to the working eods, over the axle of the 
wheels; hence any oscillation in the carriage of the 
engine was transferred to those pistons, which, acting 
against the pressure of the water, or more properly 
speaking, of the steam, performed the office of springs; 
Hence the steam supported the weight of all the ma- 
chinery, except that which was connected with the framing. 
The furnace in these engines was contained within the 
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boiler ; the door of it opening at th» oppo»ite end to tlie 
dnmney, end not at the same end like TrevithicicV. 

In the above engines, the second motion or spur gear 
was also discontinued, and the endless chain used instead* 

They had six wheel<, and worked with cranks, like the 
present ones. The metal^ or cast-iron chimneyy and 
keating apparatosy was also set aside. The six wheels 
were continued in use as long as the steam springs were 
applied, and when steel springs were adopted they were 
again reduced to fonr* 

The opinions which were then entertained respecting 
the improToments that were destined, in a short period, 
to efieet a complete revolntion in all onr ideas of time 
and space, as far as they relate to travelling, may be 
gathered from what Mr Galloway says in his History ijf 
the Steam Engine, " These locomotive engines hare 
been long in use at Killingworth colliery, near New- 
castle, and at Hilton colliery on the Wear, so that their 
advantages and defects have been sufficiently submitted 
to the test of experiment ; and it appears, that notwith- 
standing the great exertions on the part of the inventor, 
Mr Stephenson, to bring them into use on the diflPerent 
railroads, now^ either constructing or in agitation, it has 
beenrthe opinion of several able engineers, that they 
do not possess those advantages which the inventor had 
anticipated ; indeed there cannot be a better proof of the 
doubt entertained regarding their ntility than the fact, 
that it has been determined that no locomotive engine 
shall be nsed on the projected railroad between New- 
castle and Carlisle, since, had their . advantages been 
very apparent, the persons living immediately on the 
spot in which they are used, namely, Newcastle, would 
have been acquainted therewith* 
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** Tbe principal objections appear to be tlie diffienlty of 

surmounting even the slightest ascent, for it has been 
foundf thai a riie of only one-eighth of an inch in a yard» 
or of eighteen feel in a mile, retarda the epeed of one of 
these engines in a very great degree, so much so indeed, 
that it has been considered necessary, in some parts where 
they are nsed, to aid theur asoent with tlieir load^ by fixed 
engines, which drag them forward by means of ropes 
coiling round a drum. The spring steam cylinders 
below the boiler were fonnd Tory defeetiTOf for in the 
ascending stroke of the working piston, they were forced 
inwards by the connecting rod pulling at the wheel ifi 
turning it round and in the descending stroke the same 
pistons were forced as much outwards : this motion or 

play rendered it necessary to increase the length of the 
working cylinder as much as there was play in the lower 
ones, to avoid the danger of breaking or seriously injuring 
tbe top and bottom of the former, by the striking of 
the piston, when it was forced too much up or down." 

Several patents were now taken out, proposing various 
modifications of tubular boilerst the tubes containing tbe 
water, and other contrivances, mostly adapted to steam- 
carriages on common roads. So late as October 1825, a 
new form of racked rail formed the subject of one of them ; 
in this it was proposed to be in the middle of the railroad, 
which was to be composed of masonry. In 1826, Mr 
Robert Stephenson, senior, proposed an ingenious method 
of obviating the friction l>etween the flanges of the wheels 
of a locomotive engine and the rails, by having a separate 
axletree to each wheel, so that they might revolve inde* 
pendently, and at different velocities. By another plan, 
in the same patent, he proposed to allow one end of each 
axletree to move in a ball and socket jointi while the 
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atlier» the wheel end, Instead of reyolThtg^ in a eircolar 

aperture, was to hav e a motion up and down in a vertical 
sloty 80 as to accommodate itself to the inequalities of 
the rails. Mr Chapman, in 1827, took ont a patent 
for a Biroilar purpose. 

The obstaeles which Mr Stephenson enoonntered in 
his attempt to bring locomotives into general nie, may 
be easily conceived by wliat took place when the Liver* 
pool and Manchester railway drew near its completion. 
An enquiry was there instituted into the eomparatiye 
merits of fixed and locomotive engines, and in the spring 
of 1829, Messrs Walker and Rastrick, engineers, were 
eommissioned by the directors of that line to examine 
into both modes on the existing railways, and report 
on their relative advantages. After the most careful ea»- 
mination into all the branches of expenditure, and also the 
power and capabilities of the locomotive engines as they 
stood at that day, these gentlemen reported to the direc- 
tors of the Company in the ibliowing terms : — upon the 
consideration of the question in every point of view, taking 
the two lines of road as now forming; and having reference 
to economy, despatch, safety, and convenience, our opinion 
is, that if it be resolved to make the Liverpool and Man- 
chester Railway complete at once, so as to accommodate 
the traffic as stated in your instructions, or a quantity ap- 
proaching to it, the stationary reciprocating system is the 
best." They also stated that if it was only intended to 
proceed by degrees, proportioning the power of convey- 
ance to the denuuid, in that case they would recommend 
the use of locomotive engines. 

As it was absolutely necessary that the rail\^'ay should 
be made complete at once, this opinion was tantamount to 
a condemnation of locomotives. Messrs Robert Stephenson 
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and Lockei therefore, on tlie pnblicafeion of the report in 

question, undertook its examinetion as to the correctness 
of the various deductions which were laid before the direct- 
ore ; and the different statements which they prodneed» 
arising in a great measure from improvements made by 
Mr Stephenson in his engines, since Messrs Walker and 
Saatrick formed their estimates, fortunately for the world 
turned the scale tlie right way. 

From the statements of Messrs Stephenson and Locke, 
it appeared, that the locomotive system would cost £63,496 
less than the stationary, and £ 1 6,515 less per annum in work- 
ing expenses. We shall place tlie two results of these dif- 
ferent estimates together, as forming a record of no ordinary 
interest, now the one system has so completely been estab- 
lished as totally superior to the other, except on very 
short lines. 



Bjatem. 


Capital. 1 Aanaal Expense. |cwt.perton per mile. 


Walker 

and 
Baatrick. 


Stephenaon 
and 
Locke. 


Walker 
and 

Baatridi. 


Stepheniion 
and 
Locke. 


Walker 
and 
Bas trick. 


Stephenson 
and 
Locke. 


Locomotive engines, 
Stationary ditto.^ 

LocomotiTe system^ 


L. 

90,404 
100,802 


L. 
58,000 
121,496 


L. 

Ii3,lil7 


L. 

42,oa2 


D. 

027S6 

o-2iao 


D. 
01G4 


.10>458 


63,406 


10,147 


16,515 1 00651 


0^105 


Less. 


Less. 


More. 


Less. 1 More. 


Less. 



After well constderinnf these reports and the observa- 
tions made on them by Mr Stephenson, the directors took 
the wisest step which they could possibly have taken ; and 
this was, to oflfer a premium of £300 for the best loco- 
motive engine, which should draw on a level plane three 
times its own weight at ten miles an hour, which weight 
was not to be more than G tous. The price of the engine 
was restricted to £550 ; the height of the chimney to 15 
feet ; the pressure on the boiler to 50 lbs. per square 
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h»A. It was to eontonio ill own moke; the whole 

weight of the engine and boiler was to be supported on 
fpiinga; and, if this weight exceeded 4^ toiis» the engiae 

was to have six wheels. The premium was oflfered in 
April 1829, and the trial was to take place in October of 
the same year. It is from this point we may date, with 
the exception of the steam blast, the era of modern loco- 
motion on railroads. 
The engines entered for the competition, were as follows : 

Rocket • • Robert Stephenson. 

Noyelty • • Braitbwaiteand Ericson. 

PerseYeranee BnrstalL 

Sans Pareil • • Haekworth. 

Cydopede • , • Brandreth. 
The latter was a horse loeomotire» and was therefore not 
considered as entitled to run for the prize. It was tried, 
however, as a matter of experiment ; but its speed was 
only abont dx miles an hour. Afier a short trial, the 
Persererance was withdrawn by ita proprietor. The 
competitors were consequently reduced to three ; ris. 



Engine weight. Drawn weight, 
tons. cwt. qr. lbs. tons. cwt. qr. lbs. 



Rocket .45 


0 0 


3 


4 


0 2 tender. 






9 


10 


3 26 two oarriages. 






12 15 


0 0 


Novelty • 1 18 


8 19 


5 16 


0 0 


Sans Pareil 4 15 


2 0 


3 


7 


8 OM.tender« 






10 


19 


3 0..«three carriages. 






14 


6 


2 0 



2x 



« 
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The NoTelty owried ito own fad and eok0» widumft «n 

tend^. The ground chosen for the trial was on the Man- 
Chester tide of ^ahiil bridge, about nine milea horn 
'Liverpool, where the railway is on a lereL The 6mm 

Fareil being abore the weight, was tried only as an experx- 
menty and was found to draw twenty tons at fifteen nilca 
an hoar ; the fuel consumed was, howeyer, very great* 
The Novelty likewise had to be withdrawn, through a 
' series of unfortunate accidents which had no reforeneo to 
the character or capabilities of the engine ; and wo woU 
recollect) that it made a powerful impression on the public 
mind at the time. On the first day of trial, Thursdayt 
October 6, 1829, it went twenty-eight miles an hour 
(without any attached load), and did one mile in seven 
seconds under two minutes. This performance will now 
appear trifling; but at the time the sensation produced 
was immense. Mr Nicholas Wood^ who was appointed 
one of the judges on the occasion to award the premium 
of L.500, had, even after the opening of the Stockton 
and Darlington railway, published his opinion respecting 
locomotives as follows : It is far from my wuh to pro- 
mulgate to the world, that the ridiculous expectations, or 
rather professions of the enthusiastic speculiM^ist, will be 
realised, and that we shall see engines travelling at the 
rate of 12, 16, 18, or 20 miles an hour. Nothing could 
do more barm towards their adoption or general improve- 
ment, than the promulgation of such nonsense/' And 
that the directors of the Liverpool and Manchester rail- 
road in some measure agreed with this opinion, may be 
inferred from their appointing that gentleman as an 
umpire, and only requiring the engines to travel with 
three tunes their weight at ten miles an hour. 
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On the second day*s trial, tlie Norelty drew 11 tons, 5 
cwLy at 20 miles and three quarters in an hour; but anj[ortu- 
wtMj for the ownon, some of the tubes gave way at the 
joints daring the sacceeding trials, and the eompetition was 
given up, thus leaving a dear course open to !Vjr Robert 
Stephenson's Rodcet, the performance of whiish we have 
novT to state, first premising that Robert Stephenson, (a 
brother of George Stephenson,) we have often heard erro- 
neoBsly mentioned as the individual who made the Rocket. 
It was made by his nephew, the engineer of the London 
and Birmingham Railway. Mr Robert Stephenson, sen., 
was not an engine maker. 

' The Rocket was the only engine which performed the 
required distance of 70 miles, with the given load, and at 
tiie sttpniated speed. Without a load it went at the rate 
of 30 miles an hour, and when drawing three times its 
weighty at npwards of 24 miles an hour* It completed the 
first 35 miles in three hours and ten minutes, being up- 
wards of 1 1 miles an hour ; and after taking in a fresh 
snpply of water, it performed the second 35 miles in 2 
konrs 52 minntes, being at the rate of upwards of 12 miles 
an hour ; and this speed, it must be remembered, included 
all the stoppages at eack end of the trial g^nnd, which was 
one mife and three quarters long. One-eighth of a mile 
was allowed at each end for getting up the speed and stop- 
ping the train, but this advantage is not included in the 
above. Had the 70 miles been in one length, it is judged 
the Rocket would have maintained an average velocity of 
at least 15 miles an hour. The coke consumed was 142 
lbs. in getting np the steam, and 1085 lbs. in running tlie 
70 miles, and 579 gallons of water were used. This trial 
of the Rocket took place on October 8, 1829. 
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The Rocket was eonttraded with four wheek not oou- 
pled : iu boiler wwnxfeiet long and three feet in dume* 
ter, and contained twenty-fire copper tubes, three inches 
ill diameter, tiuongh which the heated air from the faraaee 
passed in its way to the ehimney. The foniaoe, which was 
at the after end of the engine, was two feet wide, and three 
feet high, and had an external etamg^ between which and 
the fire box there was a space of three inches filled with 
water, and communicating with the boiler. The cylinders 
were placed on each side of the boiler in ao angular poai* 
tion, one end being nearly lerel with the top of the boiler 
at its after end, and the other pointing towards the centre 
of the foremost, or driving pair of wheels, with which the 
connexion was made from the piston rod to a pin on the 
outside of the wheel. The tender was four-wheeled, and 
similar in shape to a waggon ; the foremost part holding 
the fuel, and the hind part a water-cask, which primitive 
plan is still adhered to on the Stockton and Darlington 
Railway. The blast was produced by steam, the ednc* 
tion-pipe leading into the chimney. On the day of the 
trial, this engine was managed by Mr James Stephenson, 
an nnde of the maker. 

The only other engine requiring any particnlar notice 
was the Novelty, by Messrs Braithwaite and Ericson. 
This engine carried its own water and coke without any 
tender, and the leading feature bdonging to it was its 
lightness and handsome appearance. The whole weight 
of the engine, without water and coke, was only 2 tons 
15 cwt, and deducting from this 16 cwt. 1 qr. 9 lbs. for 
the weight of the tank, coke-baskets, water and fael for 
' a joomey of thirty-fire miles, left the nett weight of its 
working power only 1 ton, 18 cwt. 2 qrs. 19 lbs., while 
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ik» engines in use on the Stockton and Darlington Rail* 
way at this time weighed 12 tone. It had four eonpled 
wheels, the boiler held about 45 gallons of water ; the 
eylinders were 6 inches in diameter, with a 12oinGh stroke* 
Tha boiler, a cylindric one, was plaoed under the en* 
gine-frame; at one end was the famace surrounded 
with water, and fed with fuel by means of a hopper 
passing through the steam^chamber, which was orer the 
famace* The heated air went along a flue, making three 
bends backwards and forwards in the boiler, and this floe 
was made gradoally less and less till it terminated in the 
escape-pipe. The blast was obtained by bellows which 
threw a strong current of air in at the bottom of the fur- 
iiaee. The connecting rods were mored by means of bell 
cranks joined by slings to the piston-rod. 

The prize of £500 was, as a matter of course, awarded 
to Mr Robcsrt Stephenson, for his engine, the Rocket. 
Prior to this competition, the greatest loads which were 
drawn by locomoti?es was 43^ tons gross, engine and ten* 
der included. Id tons at ten miles an hour, or 2S^ tons of 
goods, indading waggons ; while the Rocket, in Novem- 
ber 1829, weighing only 7^ tons, drew 44 tons gross, at 
14 miles an hour, being, exclusive of engine and tender, 
36J tons of goods and c^irriages ; or, in round numbers, 
the Rocket, only half the weight of the best drawing 
engine proTiously constrncted, drew one-third more load 
at one-third more velocity. The principal improvement 
which led to this great result, was the introduction of 
tubes in the boiler, by which the e?apoiitbg power waf 
increased to three times that of the older engines, with 4Q 
per cent less consumption of fuel. These tubes were 
suggested by Mr Booth of the Liverpool and Manchester 
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Railway. The original inventort however, was M* Se« 
gniiiy whose paCeol is dated February 22, 18SS, wheveaa 

tiie Rocket was not brought out till Octobers, 1829. M. 
Seguin hadneTer succeeded in getting them tight, through 
the expaoston of the materiabu Mr Robert Stephensoa^ 
who made several engines for JVf. Seguin, eflFected this by 
hooping them inside^ by wliich means the expansion dosed 
them perfectly. 

The engines in the above trial having been limited as 
to weighty it was immediately peroeived that further im* 
proTementi would result from increasing this, and ex- 
pending the addition as much as possible in enlarging the 
evaporating powers of the engines. Hence the boilera 
have been made much larger, the number of tubes in< 
creased, and various other arrangements made conducive 
to that result ; and by these means, the weight of the 
engines hare been brought up by degrees to what they 
are at present. The number of tubes in the Rocket was 
24, and their diameter three inches ; the Meteor liad 89 
of two inches diameter; the Comet, Arrow, and Dart, 90 
each, of the same diameter ; while the Northumbrian had 
132 of 1| diameter. 

The highest number of tubes we know of in the Eng- 
lish engines is 169, which were tried in an engine built 
by Mr Robert Stephenson for the Grand Junction Rail- 
way. The Planet, which was the ninth engine built by 
Mr Stephenson for the Liverpool and Manchester Rail- 
way, had 129 of 1 1 inches diameter. The Rocket had an 
8-inch cylinder, and 18-inch stroke ; her boiler was 6 feet 
in length, and 3 feet in diameter; the area of her tabes 
exposed to the heated air was 113 square feet; her dri- 
▼ing-wheels were 4 feet 3 inches in diameter, and the 
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imaller pair 2 feel 7 inchef • The Plmet had an 1 l»ineh 
eylfaider, and 16*inch atroke ; the hoOer was 6^ feet long, 

and 3 feet in diameter ; the four wheels were 5 and 3 feet 
m diameter^ and the aurfaee of the tabes 370 feet» besides 
87| square feet of sarfaee eicposed to the direet aetion of 
the fire. This latter ha^ varied in different engines up to 
108^ sqnare feet, and the area of the tubes has been as 
much as 641 square feet. 

The wear of tubes, and the good performanoe of loco* 
motires, depend of eoarse greatly on the nature of the 
water used in them. The Firefly and Skipwith engines 
Qsed in constructing the London and Birmingham Rail- 
road, had a eoating formed round their tubes nearly half- 
an-inch thick, and in consequence they were so nearly 
burnt through, that several broke by the force of the 
Steam thrusting out each end of the boiler : they were not 
more than one sixteenth of an inch thick where they 
broke, and were found with openings all round theiu, 
nearly one fourth of an inch in width ; the water being 
prevented from getting into them solely by the coating 
round the outside. Rain water is the best of all, where it 
can be procured, but this will not often be got in sufficient 
quantity ; when stream water is used, it must not be taken 
from those which run over a lias district, and with either 
springs or streams passing orer or through calcareous ma^ 
ter of any kind ; the water should be tested before admit- 
ting it in an engine, particularly if the streams run slowly. 
Throughout the new red sandstone, the water Is generally 
good : a deposit is formed from it ; but not a hard one. The 
safest plan in every instance will be to have, at all the 
places of constant supply, a proper analysis of the water, 
by a practical chemist before it is applied to use. 
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The iaproreiBaito whieh had been made in the Plaaet 
were reiy oontpicaoos. They were, in fact, the comhina* 

tion in one engine of what had previously been knovniy 
Tts— 4he Mail pipe, tha tabular boUer» the horiwMital 
eylindert inside the smolro box, aad the cranked axle, to* 
gether with a fire box firmly fixed to the boiler. The 
Rocket « fire box was only screwed against tha boiler, 
allowing a great leakage of air which had not passed 
throDgh the fire. The Planet was in the Mersey, but not 
landed, when the Li?erpool and Manchester line opened. 
On December 4, 1830, she took the first load of meivhan- 
dise from Liverpool to Manchester, consisting of 18 wag- 
gons, containing 133 bags and bales of American cotton, 
200 barrels of floor, 63 sacks of oatmeal, and 34 sadcs of 
malt, weighing in the whole 51 tons 11 cwts.; and this, 
with 23 tons, 9 cwt^ which was the weight of the waggon, 
4 tons in tender, water, and fnel, together with fifteen pas- 
sengers, making a total of 80 tons, exclusive of the en- 
gine, was carried the whole distance in two honra 89 
mmotes, mider the disadvantages of an adTene wind and 
new madiinery, where there was of course much addi- 
tional friction. An additional engine asiiated the tram np 
the incline at Rainhill. 

Her maximum velocity on a level, with the above load, 
was 15^ miles an hour. On the 23d of November, 1830, 
she was engaged to bring np some voters from Manchester 
to Liverpool for the election, and her setting out having 
been delayed so long as to render it necessary to use ex- 
traordinary despatch, in order to bring them to the poll in 
time, she performed the journey between the two places 
in sixty minutes, including a stoppage of two minatea,tbe 
usual time allowed for taking in water on the road. 
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Am(mg4lM leading imprdreni of these machinee u Mr 
Edward Bnry of Llyerpool, who now contracts for the 

locomotive power on the London and Birmingham rail* 
way. The distingnishing features of his plan are horiaon- 
tal eylinders : these were first put outside ander the fram- 
ing, but are now enclosed within the smoke-box, which 
all his engines hare^ except two made for the Liverpool 
and Manchester railway. Inside hearings, and cranked 
axlesy and horizontal cylinders^ however, were before 
used by Gumey in his common road engines. Ericson's 
engine, the Novelty, also had the former. The first en- 
gine made by Mr Bury was the Dreadnought, which was 
started on the Liverpool and Manchester railway, March 
12, 1830. She had six wheels, and was much objecte4 
to on that account. The next was the Liverpool: thi& 
was the original engine made by him with horizontal 
cylinders and cranked axles. She was placed on the 
Liverpool and Manchester railway, on July :2:2, 1830, 
and had an 18«inch stroke, two pair of six-feet coupled 
wheels, and 12*inch cylinders. 

The great danger in cranked axles is from their break- 
ing, which, with four-wheeled engines, might occasion 
considerable damage. They have been broken repeatedly ; 
but this has not happened fairly to one of Mr Buiy*s 
manufacture: only two have been broken and in both 
cases from bad welding. One of these, the engine No. 
14 on the London and Birmingham railway, was dis- 
coTered to have been actually running for some time with 
a broken aade, withont its being found ont : this arises 
from the eccentrics being keyed on to the weakest part 
of the axle, and thus forming a protection against acci- 
dents. The aboTO axle had only two*thirds of its sec- 
tion soundly welded when sent from the manufactory. 
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Mr Bnry*8 engines are now all made witb cranked axles 

and four wheels, the goods* engines being coupled, and 
the passengers' not. We attribute the snocess of his axles 
in some measure to the mode of oonstracting the framing, 
and to his bearings being inside the wheels, as any shock 
from obstructions on the road is thus thrown upon the 
bearings and not on the crank : the framing is made with 
great breadth and but little depth, in order to resist lateral 
shocks; whereas most other makers' haye great depth 
icnd but little width, which would afford the most power- 
ful resistance to vertical shocks, but, in conjunction with 
the bearings being outside the wheels, would throw all the 
lateral ones on the cranks. Many broken axles, howerer, 
have been produced by gross neglect in their manufacture. 
We have seen one which had been welded together, and 
there was not a junction of a tenth of an inch in the iron^ 
all round; the whole central part being perfectly black, 
with not the smallest sign of welding. Mr Bury cuts 
his out of the solid iron, and only welds the part joining 
. the cranks to set them at right angles. Some makers 
twist the axles for this purpose. 

The first eight engmes made by Mr Stephenson on the 
Liverpool and Manchester railway, via. the Rocket, 
Meteor, Comet, Arrow, Dart, Phoenix, North Star, and 
Northumbrian, had the cylinders outside the boiler and 
worked by a crank pin on the wheel. Mr. Bnry's engine, 
the Liverpool, was then constructed for that railway, and 
about four months after it had been placed upon the linOy 
Mr Stephenson adopted the crank axle, and placed l&e 
cylinders horizontally, with the improvement of putting 
them inside' the smoke-box. This was done first to hia 
engine, the Planet, and it was suggested by a conversa- 
tion which Mr Stephenson had with Trevithick, when 
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tbey were on their passage from South America* Trerl- 
thiek stated there was 40 per cent, increase in the dnt3r of 
Watt's engines (worked expansively) in Cornwall^ from 
putting a jacket on the cylinders. Mr Stephenson's en- 
gines, however, still have their hearingg outside the 
wheels, of which there are three pairs. Mr Bury's and 
Mr Stephenson's engines contain^ in principle, all that is 
at present effected by any English makers, although many 
of them have various modifications in the different details. 
The principal remaining difference between them, besides 
what we have a1>0Te described, is that Mr Bnry uses 
round fire-boxes, and Mr Stephenson square ones. All 
other circnmstances being eqnal, the former must evidently 
be the stronger. Of those mmor improvements which 
have been proposed by various parties, up to the Ist of 
January 1839, and which appear to be deservmg of more 
or less attention, we shall now give a short account. 

Metallic pistons were first applied to locomotives by 
Messrs Murdoch and Aiken of Glasgow, in an engine 
made by them for the Monkland and Kirkintilloch rail- 
way, which was set to work in May 1831. There 
can be no doubt of the economy and great utility of these 
pistons; and their superiority over the old method of 
packing has been so fully established, that they are at 
present in general use. 

In March 1831, Mr Robert Stephenson took out a pa* 
tent for an improvement in the axles. It having been 
^ found necessary that the wheels should be fixed to the 
axles, and the weight of the carriage being supported by 
concave bearings resting on the upper surfaces of the ends 
of the axles, a difficulty was found in keeping the working 
parts constantly yet economically lubricated ; the oil sup- 
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plied to these parts at the points of contact having a con- 
stant tendency to escape by its graTity to the more open 
space at the lower part of the axle, thus producing a con- 
siderable and continual waste of oil, and at the same time 
affording a yery imperfect inbrication. To remedy thie^ 
Mr Stephenson employed a double axle, consisting of a 
hollow casing, on the extremity of which the wheel was 
firmly fixed ; thiongh this hollow casing, a solid axle 
passed, and supported on its ends the weight of the car- 
riage by means of concave bearings connected with springs 
to the side rails of the carriage, which, for this purpose, 
was placed on the outside of the wheels. The effect of 
this arrangement was, that the oil or other unguent used 
bad a constant tendency to accumulate at the predse 

points at which it was required, namely, on the rubbing 
parts. 

In 1832, Mr Cnwibay, the proprietor of extensive iron 

works at Cyfaithfa, spoke very favourably of the perform- 
ance of a locomotive built by Mr Gurney, principally with 
a view to travelling on the ordmary roads, but which was 
fitted to a railroad at Hirwain ; especially as to the ease 
and economy of first construction, the facility of repairs 
when required, the extreme lightness, great capability of 
raising steam, and perfect freedom from danger in the 
tubular boiler. From January 1, 1831, to January 1, 
1832, this engine, which only weighed 85 cwt., including 
every thing of all kinds belonging to it, with water and 
fuel in a working state, drew 42,800 tons nett of coal, 
iron-stone, iron, 8ec 2^ miles in journeys of 20 to 80 tons» 
consuming during the entire performance of this work 299 
tens of coal, value L.47« 17s.; wages of the engine-man, 
h^2 ; wages of the fire^boy L.15, 12s. The other ex* 
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penses are not giveiii bat Mr Crawshay stated that the 
engine would have drawn twice as mnch if it had been 

fully employed. 

In 1833 a simple mode of registering the speed of any 
carriage was proposed, which would also show at what 
rate an engine had been travelling through every part of 
its jonmey* It consisted of a rod tamed round by a con- 
nexion with the engine shaf!fc» and on the rod* a smal^ 
steam-engine governor was fixed the balls of which, 
opening in proportion to the speed, rose and sank a point 
carrying a pencil, and this marked a card which was 
slowly turned round by a train of wheel work, A curved 
line was thus traced on the card ; consecutive circles gave 
the various rates of speed ; the engine-man could always 
see in a moment at what velocity he was travelling, and 
the rate daring the whole journey could be inspected by 
any person at its end, and any irreipilarity Vieteeted at once. 

In January 1833, Mr Hancock patented a contrivance 
for remedying the inconvenience experienced by the for- 
mation and adhesion of dinkers on the fire bars, by which 
the combustion of the fuel is checked, and consequently 
thoproduction of steam, by which the velocity of the engine 
is considerably lessened. The usual method is by means 
of a rake to clear away the obstructions from time to time 
as they arise ; and this is found to be quite sufficient, pro- 
vided the fireman pays proper attention to his duty. In- 
stead of this, Mr Hancock proposed to draw out the whole 
oor of bars, and substitute a clean one. For this purpose 
the hars should be formed in one entire casting, the outer 
one on each side being cast inth teeth under it so as to 
form a rack : a rail under each of these bars in the fire-box 
supported the whole floor, and by means of two pinions 
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working into these racks, and tamed by a winch^ the floor 
of bars coald be wftbdrawn, and another snbstitnted, by 

booking it on to the last end of the set which were to be 
drawn ont. 

In July 1833» Colonel Maeeroni and Mr Squire patent- 
ed a tubular boiler composed of 81 upright cylindric tubes, 
disposed in nine rowSy in the middle of which was the fire- 
place. The tabes were all connected by horisontal tabes 
at the bottom and top, the lower being a water communi* 
cation, and the upper a steam eommanieation« To prerent 
clinkersand preserre the firebars from being rapidly bamed 
out, they were formed of hollow tubes, through which 
water circolated to the upright tabes of the boiler. 

In October 18S8, Mr Robert Stephenson took oat ano- 
ther patent for improvement in locomotives, one object of 
which was, to obviate as mnch as possible the danger of 
cranked axles. These, with the four wheeled engines 
were found at that time to become strained, and sometimes 
broken, owing, as was supposed, to the great friction b^ 
tween the flanges of the driving pair of wheels and the 
rails, especially in going round curves or running into 
sidings, where the centrifugal force would be called into 
action, and oecasion the flanges to bend considerably. It 
is evident that any bending of the crank axle, although far 
short of fracture, would occasion such a violent lurching 
motion, through the wheels being put out of square, that 
in all probability either the axle must be broken, or the 
engine be thrown off the rails. To obviate these disadvan- 
tages, Mr Stephenson made his driving wheels without 
flanges, and added a third pair of small wheels to his en- 
gines, in which manner they are now made; the two pairs 
of small wheels having flanges, and the middle, which is 
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the driving pair, having none. The axles of the small 
wheels being straighty and consequently stronger than the 
cranked axles, have been fonnd by experience not to be at 
all liable to bend; and the driving wheels^ together with 
thecranked axle, being thus liberated from all lateral strainsi 
the whole of which are transferred to the two pair of small 
wheels» where there is amply aoffieient strength to bear 
them, have been fonnd to stand their work ina satisfactory 
manner. 

The additional pair of wheels also affording the means 

of adding to the weight, boilers of greater strength and 
magnitude were now applied to his engmes by Mr Ste- 
phenson, which would occasion them to last much longer; 
fbr of course the larger the entire capacity of the boiler is, 
the more metallic heating surface it will contain, and con- 
se^ently render in a great measure unnecessary that 
intense heat which is so prejudicial to the metal, and which 
was found to burn out the old boilers very soon. This 
diminution in the intensity of the combustion had also ad* 
▼antages in another point of view. The jet of waste steam 
which is thrown into the chimney to produce a rapid 
draught for exdting the eombustiion of the fuel, may be di« 
mtnished in its Telocity, and still produce a suffident e£bct» 
This will permit the waste steam from the cylinders to 
escape with greater freedom than could be permitted with 
smaller boilers, where a greater heat and a more rapid gen- 
eration of steam are indispensable to furnish the requisite 
power. 

Three pair of bearing springs were attached to the en. 
gine, one over each pair of wheels, causing all the six 
wheels to bear equally and fairly on ibe rails, and to ease all 
jolts and concnssions. These springs were, for this pur* 



Digitized by Google 



ST£AM LOCOMOTION. 



pose, specifically adapted to the respective weight to be 
borne hj each pair of wheels ; the oimd ooes^ which are 
Impelled by the power of the engine, beiog id all eatea 
loaded with as much of the total weight as will ensure 

•affident adhemon to the railfi so aa to preyent aoy 

slipping. 

In this same patent Mr Stephenson proposed a new 

mode of stopping the engine by means of brakes, acted 

upon by plungers in small oylindersi into which the steam 

coold be let in an instant by taming a small cock. The 

motion of these pistons was oommonieated to a system of 
leyers which drew the brakes with considerable force 

against the periphery of the wheels ; by turning the handle 

of the cock in the opposite direction, the steam was allowed 
to escape from these cylinders Into the open air, and the 

brakes then separated from the wheels. 

In October 1884, Mr Hiek took ont a patent for an en- 
gine having three cylinders and a three-throw crank : the 
steam being admitted only at the top of each cylinder, and 
always forcing the pistons downward, the bottom ot the 
cylinders being open, and when the pistons were ascending 
the steam was allowed to escape into the eduction pipe ' 
which led into the chimney. The intention of the paten* 
tee was to secure, as he supposed, more adhesion between 
the wheels and the rail, from the power being communicat* 
ed in a downward direction only ; he also anticipated less 
▼ibration than when the action of the piston was applied 
either upwards and downwards, or backwards and for- 
wards* The wheels of this engine were to be formed of a 
east iron naye, properly turned and' truly bored. This 
was fitted to receive on each side discs of plate iron instead 
of spokes ; on these discs the external rings and Ures were 



Digiii<iL,a oy Google 



HI8T0BT OF THE UTTSNTION. 



345 



£ttteiied> by first expanding their drcnmferenoe by beat 

and then allowing them to contract, so as to receive the 
edges of the discs in grooves which were turned to receive 
them ; the whole were then screwed together hy bolts and 
keys in the usual manner. 

In November 1834, Mr Whitesides of Ayr, in Scot* 
land, took ont a patent for an engine in which the axles 
were to be firmly fixed to the engine, and the springs were 
placed inside the wheels, the spokes not reaching the nave, 
Irat ending at a ring about eight inches diameter, within 
which the nave played on helical springs fixed to the inner 
circumference of the wheel at one end, and to the outer 
circumference of the nare at the other. 

In 1835 Mr Baldwin of Pluladelphia made several very 
ingenious attempts at improving the locomotives which 
were constructing by him for several railroads in America* 
In the first place, the guides of the piston-rods were made 
hollow, and these cavities used as chambers for the force 
pump, thus giving additional strength for the guides, with 
but little increase in their weight, and dispensing entirely 
with the frame and fixtures of the ordinary force pumps, 
Secondly, his pumps have five valves, the one nearest the 
boiler being loosely swivelled to a stem passing through a 
8team>tight collar in the top of the valve box, by means of 
which the valve can be sounded, and in most cases freed 
from obstructions: the other four are contained in one box, 
secured to the pump by a stirrup, which can be removed 
by loosening a single screw, so that the valves can be taken 
out, cleaned, and replaced in a few minutes, thus almost 
insuring a certain and efficient supply of water to the 
engine. Thirdly, the arms of the rock-shafits extend on 
opposite sides of the fulcrum, and each eccentric rod has two 
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hooks toraed in opposite direetions, to thai it may be 

geared to either arm of the rock-shaft, the eccentrics being 
fixed to the axle* When the eccentric rods are geared to 
tiM mne anne of the ▼al?eTode> the motion of the yalTes 
corresponds with that of the eccentrics ; but if they are 
geared to opposite arms, the engine ii reversed, and it not 
geved to either arm, the Talvee ean he worked by the hand 
gear. This method dispenses with much complicated ma- 
chinery. Mr Baldwin also dispenses with one arm of each 
crank, fixing the wheel to the wrist of the cranks, which, 
by this means, are further apart, admitting of a larger 
boiler, with a better distribution of its weight. The heels 
and spokes of his wheels are of cast iron, the felloes are of 
hard wood, on which is a wrought iron tire. This arrange^ 
ment is found to be advantageously elastic The steam-pipe 
islntrodnced into the boiler through the opening by which 
itnsually communicates between the dome and the cylinders, 
the throttle- valve being fixed on the steam- pipe. This ar« 
rangement allows the pipes to be made without a joint 
inside the boiler, and no man-hole is required; the junc- 
ture between the dome and the boiler being fitted so as to 
aUow the dome to be readily taken on and off, and its aper- 
ture used as a man-hole. 

Mr Bergiu's buifing apparatus, which we have before de» 
scribed, was patented in March ; Mr Booth's axle grease 
|n April 1835. In December Mr Blyth took out a patent 
for a method of retarding the speed of railway trains. It 
consisted of a firietion wheel on the inner side of the nave 
of the carriage wheel. Around this was brought a band, 
from whence it was conducted and made fast to the car- 
riage body, in such a manner, that in descending an inclined 
plane, when the carriage body naturally uidines forwards, 
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it drew by means of the band, the friction wheel against 
the running wheel, thus creating a retarding force in pro* 
portion to the inciiiiation of the plane* 

In January 1836, Mr Booth's draw-bar, which we have 
before described^ was patented ; and at the same time a 
new method of stopping train8 was proposed by the same 
gentleman, and included in the above patent. This con« 
trivance was to effect its purpose by checking or stopping 
the speed of the engine, through the means of a throttle- 
valve introduced into the blast-pipe, just where the two 
exhaustion pipes unite into one, and below the place where 
the pipe is contracted in area, for the purpose of producing 
the blast. From this throttle -valve a rod passes through 
the chimney» and is placed within reach of the engine* 
man. By closing this yalre, without shutting off the 
the steam, the pistons are speedily, but not suddenly 
checked, and the engine is soon brought to a stands with- 
out much yiolence to the machinery. 

Early in the same year, a committee of the city council 
of Baltimore was appointed to witness the performance of 
a looomotiFOy built by Messrs Gillingham and Winans^for 
the Baltimore and Ohio Railroad Company, by contract, 
for 50,000 dollars. The weight of the engine was 8^ 
Ions, and the load attached to it was 174 tonsi including 
the tender, viz. 

Tons cwt. qrs. lbs* 

Four-wheeled passenger car, Paterson, 1 10 2 0 

Ditto Patapsco, .1 13 2 0 

Ditto Carol, . 1 15 2 0 

Eight- wheeled double passenger car, .4 17 0 0 
45 passengers, • • . • 8 0 0 0 
Tender, . ... . 4 7 0 0 

17 5 2 0 



348 



8TEAM LOCOMOTIOK* 



The four-wheeled can were capable of carrying 17 pas- 
sengers each, and the eight- wheeled one 44. With the above 
load the oommUtee state that the performance of the eDgine 
OB the Baltimore and Ohio Railroad was as follows : — A 
plane 2150 feet long, and rising 197 feet per mile, or 1 in 
27, for 2050 feet, and 201 feet per mile, or 1 in 26 for 100 
feeti was ascended ; the impetus preyioasly acquired on the 
level being lust in the first 300 feet of the ascent, and the 
engine then steadily progressing to the top at the rate of 
four to five milei an hour. A plane 8000 feet long, 2800 
of which was at the rate of 170 feet per mile, or 1 in 31 ; 
100 feet at 227 feet per mile, or 1 in 23^ ; and the 100 
^eet next the summit at 264 feet per mile, or 1 in 20, was 
ascended at the rate of 5 to 6 miles an hour, to within 30 
^eet of the top* when it stopped* The three small cars^ 
weighing 5 tons I cwt^ were then cast off, and the engine 
started without assistance, and drew the 1 2 tons 4 cwt. to the 
(Op« The engine was coupled, and had 12^inGh cylinders 
with a 22-inch stroke* The holler had 400 tuhes, (iimish. 
iiig plenty of steam : the maximum velocity is not given. 

In September 1836 a patent was taken out by Messrs 
Van Wart and Goddard, for alocomotire engine, invented 
by Dr Church, who had long been labouring to effect steam 
transit on common roads* The railway locomotive con* 
structed by Dr Church has a very handsome appearance* 
It carries its own fuel and water, and the engine-man is 
placed in the front, not behind, as in the usual arrange- 
ment. The Irame-work and external casing is of shee^ 
iron, the water tank being low down, and outside the wheels. 
The furnace Is nearly surrounded with water communicat- 
ing with the boiler, and its flues terminate in a series of rer* 
tical tubes, which lead to the chimney, and which are also 
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mrrounded by the water in the boiler. The cylinders are 
horizoutaly and placed in the fore part of the engine, and 
there are safety Talrea to each of the two steam ehamhen* 
The wheels are very similar to those of Mr Hick's, being 
formed with slender spokes made of thin bar iron, fixed at 
their inner ends into the nave, by having the ends of the 
metal upset in the shape of a doretail. These are made 
fast in the nave by caulking ; their outer ends butt against 
the inside of the rim of the wheeL These spokes have their 
breadth at right angles to the plane of the wheel, and are 
boxed in on each side by a circular plate or disc of sheet 
irony confined in its situation partly by a series of tenons 
formed on the edges of the spokes, which pass throngh cor. 
responding mortices in the discs, and are then rivetted on 
the ontside. Both the discs are attached to the nare of the 
wheel, by having their inner edges upset in the form of a 
dovetail. They are then heated and secured, by rivetting 
over, into slight groovesy against dovetailed shoulders 
formed round the nave. In the same manner the outer 
edges of the discs being also upset in the form of dovetails* 
are inserted iifto grooves inside the rim of the wheelf by 
heating the rim, and then shrinking it on to the discs, after 
which the rim is caulked upon the dovetailed edges, so as 
to secure the discs firmly. 

In December, Mr Harrison took out a patent for an en- 
gine, having cogged wheels, with a view to diminish 
the velocity of the piston the driving wheels of the en- 
gine make three revolutions for each complete stroke 
of the piston ; and as they are five feet in diameter, they 
give a velocity equivalent to fifteen-feet wheels with the 
iame number of strokes per minute. The boiler is placed 
on one carriage, and the cylinders and machinery on ano- 
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ther, each haying four wheels. The eylinden are hori** 

KOntal, and the connecting rods are attached to a double 
oranked axle, en which is the cogged wheel ; this works a 
pinion on the axle of the driTing wheels* The axle of the 

driving wheels has a motion up and down, as usual, to 
allow for imperfections in the road ; and the cogged wheel 
and pinion are kept at the reqnbite distance in gear, hy 
the supports of the cranked axle being fixed over and con- 
nected with those of the driving wheels^ and thus moving 
in conjonction with them* Two eccentrics on the cogged 
wheel axle work the slides with usuallevers and hand-gear> 
and the ateam irom the cylinders is thrown into the chim- 
ney. The two carriages are connected hy a bar, and 
the steam pipes have a ball and socket joint for later- 
al motion, with a metallic ring packing ; they also are com- 
posed of two parts, which slide one within the other, allow- 
ing by this means a motion in the direction of their length. 
The tank is under the boiler, and the engine wheels are 
conpled, in order to have the whole weight, for the pur- 
pose of obtaining adhesion. In order to keep the teeth 
at the right pitch, and prevent backlash, on reversing the 
motion, the pinion is in two parts, one of which is moveable 
round the axle, and by means of keys these may be set so 
as to place the two halves of the teeth a little out of the 
right line, and thns tighten their action. 

In April 1837, Mr Henry Booth took out a patent for 
Supplying the fuel to locomotive (or stationary) engines, by 
means of a coal-box attached behind the fire-door of the 
usual furnace, from which the fuel is proposed to be in- 
troduced into the furnace, through a long narrow aperture, 
extending the whole width of the fomace, instead of iti 
being supplied, as now usually done, through the fire 



i^iy j^co Google 



mSTO&Y OF THE INVSNTION. 



361 



door. The door to the coal-box^ which is twice the sise 
of the famaoe door^ being opened, and also the furnace 
door, the farnace is charged with coal, and lighted in the 
ordinary way ; the furnace door being then shat, the coal- 
box is also charged with the fae]> which lies on fire-barf^ 
forming an inclined plane ; on this the coal descends 
gradually into the furnace* The coal-box is kept con- 
stantly filled np a few inches above the bottom of the 
water space, or enter casing, under the fire-door, along 
the whole width of the furnace* When the fuel is pro- 
perly ignited in the fnmace, if the engine is in motion, 
the shaking of the boiJer, furnace, and coal box, assisted 
by the inclined position in which the coal lies on the planr^ 
will partially snpply the furnace with fresh fuel : any fur- 
ther desirable quantity may be introduced by using a 
pushing rake between the bars of the inclined plane from 
below, through the narrow slits made for that purpose in 
the coal plate ; and this fresh coal goes under that which 
|8 already ignited, by which means its smoke is in a great 
measure consumed, at a consequent saying in the consump- 
tion of fnel. 

Dnring the same month, a patent was taken out by Sir 
Greorge Cay ley for a loGomotive engine for either eommon 
roads or railways, to be worked by hot air, partially as- 
sisted by a small portion of steam, at first starting, or at 
any difficult points, which steam is to be produced by the 
injection of water through a rose-ended pipe intothefurnace. 

In May, Mr Hague took out a 'patent for carriage 
wheels. These appear to be exactly similar to those of 
Mr Losh's, with the latest improvements, except that Mr 
Hague, after he has bent his iron round so as to form two 
half spokes and a connecting felloe, (which connecting 
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felloe, when the requisite number are put together, forms 
the inner^rim of the wheel,) welds Ihe ends together be- 
fore casting the nave ronnd them. 

In June, Mr Thomas took out a patent for a mode of 
economizing fuel, by conducting the waste steam from the 
engine through the fire bars, which are made hollow, and 
allowing it to enter among the fuel, through jets, where 
the vapour becoming decomposed, and forming new com- 
binations with the gases arising from the bnmingfnel, igr 
nition takes place. We are not aware what is the success 
of this invention ; bnt a jet of steam thrown into pit coai 
smoke, in a slanting direction, from aboye the fire, has 
been successfully used, both in a great measure to effect 
the eonsiunption of the smoke, and to produce also a re« 
dnctton in the quantity of the f aeL 

On the 21 St of the same month, Mr Harrison obtained 
a patent for placing locomotives on two carriages instead 
of one, the boiler and engine being separated, so that each 
is mounted on its own carriage, and a connexion formed 
by ball and socket joints, to convey the steam to the cy« 
linders, by which means only the one which required any 
repairs would be laid up, and the remaining part could 
be attached to another boiler or engine, as the case might 
be, to as to lessen considerably the expense of keeping a 
large number of spare engines, as well as that of some- 
times nearly stripping an engine to repair, perhaps, a part 
pf the boiler* 

An Amencan engine, made by Morris of Philadelphia, 
is now on trial for the Gloucester and Birmingham Iiail<* 
way, and is spoken yery highly of. It has one pur of 
driving wheels, and two pair of running ones, very small, 
and turning with their frame on a pivot| to assist in going 
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round curves. Its perform&nce up inclines, in particular, 
U apoken Ter^ highly of; being 120 tons at 18 miles an 
hoor np the Whiston plane, on the Lirerpool and Man- 
chester Railway. It has been got up almost without the 
nae of a file by lathes and planing machines. The pbtons 
and working parts are all ontside the framing, which 
allows the boiler to be very low down. The driving 
wheels are 4 feet diameter, and the running ones 2 feet 
6 inches. It has 76 tubes, and works by a crank-pin oat* 
side ; the wheel 9 inches from the centre of the axle. 

Mr Melling of Liverpool is the inventor of a new mo- 
tion for opening and shutting the slide yalres ; but 
as it requires a drawing to explain it, we must refer to ou^ 
treatise on the Steam-finginey where it is figured and de- 
scribed ; and we shall close this description of the variona 
attempts at improving the construction of locomotives, by 
a Statement of the proper proportion of tubing for the boil* 
era, ao aa to afford in the aggregate a maximum quantity 
of surface exposed to the hot air. Mr Buck, at the Civil 
Engineers' Institution, January 1839, gives this as fol- 
lows ; namely, that the diatance between the diameter of 
each adjacent tube should be four times the interval be- 
tween their internal surfaces, by which means from 23 to 
X per cent is gained in evaporating power beyond the 
uaoal method. 
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Plates I. IL IlL exhibit view^ uf a p.iir of beautiful 

marine engines, oonstrneted by Mr Napier, for the fonr 
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Britlili and North Ameriean royal mail tteam-ahipa 

Britaania, Acadia, Caledonia, and Columbia, plying 
between Lirerpool, Halifax^ (Nova Scotia) and Boston* 
(U. 8.) The following are the general dimensions of the 
vessel and engines. 





Ft. 


in. 


Length from figure-head to taffrail> . 


228 




Length of keel and fore-rake, • 


206 




Breadtli of beam between paddles 


34 


6 


Depth of holdy . • • • 


22 


6 


Diameter of paddle-wheel, . . 


28 




Length of floats, . • . . 


26 




Diameter of cylindery . • 


6 




Length of stroke, • • • • 


6 


10 



The power of the engines is about 240 horse power 

The paddle shafts make 16 revolutions per minute. The 
tonnage of the vessel by the old law is about 1200 tons. 

Plate L is a side elevation of one of the engines. 

Plate II. is the elevation of the crank end of the en* 
gines, and Plate III. the elevation of the cylinder end. 
By an inspection of these engravings it will be seen, 
that the parts of the engines are sastained by an elegant 
and rigid Gothic framing, rendering them, notwithstand- 
ing the ponderosity of their different parts, entirely inde- 
pendent of the vessel on which they are placed. A A are 
the cylinders, B the slide-valve casing, C the condenser, 
D the hot well and air vessel placed on the top of the con- 
denser. E the air-pump, FF the feed-pumps. The mov- 
ing parts of the engine are as follow : — K the cylinder 
piston-rod, I the cross-head, H the cylinder side rods 
descending to the great side levers GG6. Connected 
with the parts last described are the radius irods of the 
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parallel motion the motion side rod L', and the paral- 
lel motion shaft V the valve or weigh-sbaft on which it 
fixed the valve lever W, whose other end is inserted into 
a duteh on the slide vaLve link c» On either side of the 
centre of the great lever depends a side rod / f, to work 
the bilge and brine pumps, and to its extremity are 
attached the links of the cross-tail of the connecting rods^ 
P the links, Q the cross-tail, R the connecting rod. To 
the upper end of the connecting rod is attached the crank 
S ; T is the intermediate or crank-shafty T V the paddle- 
wheel shafts. On the crank-shaft is placed the eccentric 
U; andtttt is the eccentric rod working the eccentric 
gab-lever v on the valve or weigh shaft t ^ yy the 
expansion valve apparatus, h k escape valves at top and 
bottom of cylinders, X paddle wheels, k lever fur start- 
ing the engine, 1 1 steam-pipes, 2 2 waste water pipes 
from hot well, 3 double force-pnmp for filling boilers^ 
extinguishing fires, and washing decks, 4 4 engine beams, 
5555 midship section of vessel, 6 6 thick planks checked 
in upon and bolted through the timbers thus ; — 




Plate IV. Side and end elevation of one of the en- 
gines of her Majesty's mail packet, Urgent, and also 
of the ActiBon, built by Messrs Caird and Company of 
Greenock. The Urgent plies between Liverpool and 
Dublin; the Actseon between Liverpool and Glasgow- 
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Boih Tesselfl htm been rery •aoeessfal : they 
boats, and consume a small amount of fuel. Their gene- 
ral dimensioiii are here Boted. 

Urgent. Actnon^ 
Ft. in. Ft. in. 
Length of keel and fore rake, 172 1 171 

Breadth within paddle space* 26 25 10 

Depth of hold, 17 5 17 3 

Diameter of paddle wheel, 24 6 

Length of floatSy whieh in the Urgent are 
of Galioway's patent^ in 3 breadths of 
about 9 inches each, 8 10 

Diameter of cylinder* 5 2 5 2 

Length of stroke, 5 9 5 9 

The power of each of the engines is 140 horse power. 
The paddle shaft makes about twenty revolutions per 
minute. The tonnage of the Urgent* by the old law* is 
662|f-^f the Actscon 551 A A is the cylinder, C 
the condenser, £ the air-pump, H the cylinder side rods* 
I the cylwder crose-head, B the Yalve casing* W the valve 
lever, WW the back balance, GGG the side levers, P the 
cross-tail links, Q the cross-tail, R the connecting rod* 
S the crank* U the eccentric* N the air-pomp side rods 
M the air-pump cross-head. 

Plates V«* yL*Vll«* represent the engines of the Achil- 
les* also bnilt by Messrs Caird and Company* to ply be- 
tween Liverpool and Glasgow. Plates V., VI., show 
the two side elevations of one of the engines; and 
Plate VIL a section of the vessel to a lesser scale* with 
the engines, paddle wheels, &c., in situ. The arrange, 
ment of the framing of these engines is highly beantiAil. 
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The entablature supported by the columns, unHiBg hoth 
engines in one design, gives massiness of appearance as 
well as great strength to the straetnre. In plate 
VI. is seen the apparatus for working the engines expan« 
Bively. On the crank-axle T is placed a series of <;ams, ttt 
which act upon the roller of the ezpanflion^Talre tunUer. 
H yyywn the eirpansion-TalTe comieeting rods and lereti. 
Z is tlie valve chest, and the valve is of the kind called 
eqaiUhriaiii TalTeti or crown Talres. The other parta 
are A the cylinder, BtheyalTe-chest, C the condenser, D 
the hot well, E the air-pump, F the feed and bilge pumps, 
GG the gre«t lever, G' its main gudgeon,' H the cylinder 
•Ide rods, I the eroes-head, K the piston-rod, LL the 
parallel motion, M the air-pump cross-head, N the air- 
pomp aide rods, O the air-pump piston-rod, P the co» 
neetingrod eross-tidl links, Q the cross-tail, R the con- 
necting rod, S the crank, U the eccentric pulley or 
earn, « « « the eccentric rod, V the valve-ahaft^ WW* 
the valve-loTer and eonnterhalance lerer. 

Plates VIIL, IX., X. The engines exhibited in these 
plates are a pair of 110 horse power eaeh, conitmct- 
ed by Messrs Fawcett, Preston & Co. of Liverpool. 

Plate Vin. shows the side elevation of one of these en- 
gines. Plate IX. shows the ebvation of the crank 
end of both engines ; and Plate X* the cylinder end of 
the engines, drawn to a somewhat smaller scale. The 
letters refer to the same parts as in the engines already 
described, and it is unnecessary here to repeat the de* 
scription. 

Plate XL In this plate is given a representation 
of a single marine engine of 65 horse power, with a 
stroke of four feet. Fig. 1 is a side elevation ; fig. 2 
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a plan or birdWye view; fig. 8 an elevation of the 

cylinder end ; and fig. 4 an elevation of the crank end. 
The same letters indicate the same parts as in the former 
figores. 

Plate XII, fig. 1. is an end view, and fig. 2 a side 
yiewy of a double towing-engine of forty-Eve horse 
power and three feet six inches stroke. The most strik« 
ing peculiarity of this engine is, that the paddle-wheel 
shaft is separate from the crank-shaft, and driven by it 
through the intervention of toothed wheels. T is the 
• crank shaft, with its spur wheel driving the spur wheel 
of the paddle-shaft T*. The other letters refer to the 
same parts as before. 

Plate XIII. In this plate are represented two engines 
of direct connexion, constructed by Messrs Tod and 
McGregor, Glasgow. 

In figs. 1 and 2 of this plate, the crank S of the 
engine is placed directly . above the cylinder A ; the 
piston*rod K carries a cross-head I, which is guided to 
move in the vertical direction by two cross guides ggy 
one at each extremity, whose ends slide upon the vertical 
pillars pp, which sustain the framing for the support of 
the crank-axle. From each end of the piston cross-head 
depends a side rod HH, whose lower extremity, together 
with the ends of the side rods PP, which depend from 
the cross-tail Q of the connecting lud R, are attached to 
the end of a side lever GG. To the opposite end of the 
side levers are attached the side rods N of the air-pump, 
and on either side of its centre the side rods of the feed 
and bilge pumps F. The parts not already described 
are a a the slide-valve, C the condenser, E the air-pump, 
6 the crank, U the eccentric, and uuu the eccentric rod 
and valve-gear. 



Digitized by 



aSNERAL BBSCBIPnON OF THB PLATES. 959 

' In the engine represented in figs* 3 and 4, the pis- 
ton-rod K terminates in a triangular frame III, from the 

apex of which the connecting rod R descends to the 
cranlc S ; and to the extremities of its base are attaclied 
the piston-rods OO of the air pumpn BE, which are in 
this case two in number, and situated one on each side of 
the cylinder. The triang^nlar frame III is confined to 
. move in a vertical direction, by its cross-head gg being 
guided in the slide pp. The remaining- parts are, A the 
cylinder, CG the condensers, a a the valve-chest, F the 
feed- pomps, worked by an eccentric f Uu the eccentric 
and valve- gear, and eee e the framing of the engine. 

Plate XIV. Fig. I of this plate is a side-elevation, 
and fig. 2 an elevation of the cylinder end, of a pair of 
marine engines constructed by Messrs Seaward of the 
Canal Ironworks, Limehouse, for H. M. steam-frigates 

Crorgon, Cyclops, Promethens, and Electo. These en- 
gines are of a peculiar oonstmction ; the crank, as in the 

engines of the last plate, being directly above the cylin- 
der, the connecting rod only intervening between it and 
the piston-rod. They are of the class of the vibrating 
pillar-engines, the pillar which supports the beam turn- 
ing npon a centre at its lower end. A is the cylinder, 
B the valve-chest, C the condenser, E the air^pnmp, K 
the piston-rod, R the connecting rod, S the crank, GGG 
the beam, g the vibrating pillar, L the radins-rod, N 
the air-pump side rod, M the air-pump cross-head. 
Plate XV. is a side elevation of a locomotive engine. 

a, the steam whistle which is made use of to want 
workmen on the road, and persons on the stations, 
when the engine is approaching. It is formed by a pipe 
tlirough which the steam is allowed to pass at pleasure, by 
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tunung 8 €0ok; it then rashea agftinst the thin edge of the 

upper domed part, which is hollow like a bell, and gives 
oat a clear sound when the cock is properly turned, which 
may be heard at a rery great distance ; bf aa elevated 
dome, up which the iteam pipe risee to nearly the top, to 
prevent the motion of the engine throwing water out of 
the boiler. This dome, when taken off, forms the man- 
hole ; e working safety ralve, the lever of which is at- 
tached to a spring weighing-machine ; d lock-up safety 
Tslye^ which is sa>ewed down to the required pressure by 
a series of springs ; €9 chimney ; this generally has a wire 
gauze at the top to prevent the escape of sparks, and some- 
times a damper to regulate the force of the blast-pipe; 
y smoke-boxy in which are the cylinders^ the end of one 
of which is seen at g, with the cock /t, which is to let out 
condensed water or priming from the cylinder There is 
a large door in the front of the engine, opening into the 
smoke-box, to allow of repairs being made to the cylinders, 
tubes, &c. inside ; 1 1 » three gauge cocks, to ascertain the 
height of the water in the boiler ; k water gauge, showing 
in a glass tube the height of the water in the boiler. This 
gauge communicates by a cock at the top with the steam, 
and by one at the bottom with the wat^r. It also has A 
second cock at the bottom, for the purpose of emptying it 
when necessary ; I steam regulator, by turning which, the 
steam is shut off, or let into the cylinders; m railing 
round the place where the engine-man and fireman stand ; 
n fire-box, containing the furnace, round which a thick- 
ness of about three inches of water circulates from the 
boiler ; the top is also fnll of water to the height of that 
in the boiler ; o supply pipe connected with the tender, 
from which water is pumped in at pleasure by means of 
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the pumps which are worked by arms fixed on the pU<* 
ton-rodiy and ronning^ in guides; q the handle which 
turns the pet cock ; this is used by the engine-man to 
atoertMn when his pomps are in proper order, in which 
case it throws out water^ but when they are deranged it 
gives out steam ; there is one on each side of the engine ; 
r a cock by which the boiler is emptied, and the engine 
blown o£F, Plates also take off at the bottom of the boiler» 
and open into the mud-holes, which are also used to clean 
the engine internally; s s strengthening rods to the 
Ihune-work of the engine; ^ ^ stays from the framuig 
to the boiler ; u draw* bar, to which the tender is attached ; 
V door to the furnace ; there is a similar one to the lower 
part of the fire-boX| which is formed into the ash pit| and 
is open to the front for the purpose of increasing the draft ; 
w the frame- work of the engine. Some makers place this 
with Its breadth horisontal instead of vertical, and Mr 
Bnry of Liverpool has his bearings inside the wheels in* 
stead of outside ; a: x the axle guards which play up and 
down in grooves in the sides of the axle boxes ; y hook 
for attaching carriages to the fore-end of the engine; 
there is a similar one on the other side ; z one of the 
buffers. These buffers consist of leather cushions stuffed 
with horse hair, and their use is to break the shock arising 
from any concussion which the engine may receive* 



2h 



Digitized by Google 



Digitized by Google 



INDEX. 



Academy of Sciences — vide French Academy. 
Acadia steam-vessel, the size and power of, 256* 
Achard's experiments on the elastic force of steam, 52i 
Air, the effect of the pressure of, on the production of steam, VL 
Dr Dalton's experiments on, IS. Table of the pressure of, IS, 
Sir John Robison's observations on the variable temperature of, 
IS; as affecting the boiling of water, 20, Dalton's experi- 
ments on the weight of, 138. Table of the density of, and 
steam, I2S> 

Air«pump of the marine steam-engine, an account of the, 273. 

Alcohol, Betancourt's experiments on the force of the vapour of, 
3fi, Prony's formula of the vapour of, 104. 

America, the river steam«vessels of, superior to those of Britain, 
174. £^imate of the niunber of steam^vessels in, 175. Ac- 
count of the construction of steam- vessels in, 242. 

American pretensions to the invention of navigation by steam, 
22L 

Apartments, Warming, by steam, 143. Economy of fuel in warm- 
ing by steam, 144. Description of apparatus for, 147. 

Aqueous vapour, Prony*8 formula of the law which governs the 
relation between the temperature and the elasticity of, 102. 
Laplace's experiments on, liM. Biot's experiments on, 105^ 

Arsberger's experiments on high pressure steam, 68. 

Atmosphere, Sir John Robison's observations on the variations of 
the, IS. 

Baldwin's attempt at the improvement of locomotives, 345. 
Barometrical changes on steam, 19j table of the, 20j method 
of measuring heights by steam, 2Q^ 
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Baths, warmiug of, by steam, liiB ; description of apparatus for. 

Bell, (Henry,) the first person in Great Britain who applied the 
inventions of Miller, Taylor, and Symington, in navigation by 
steam, to mercantile use, 212^ An account of, 213. The 
Comet steam -vessel belonging to, the first trading steam- vessel 
in Europe, 211 ; drawing and description of his steam- vessel the 
Comet, 211. 

Betancourt*s experiments on the force of the vapour of water, 
alcohol, and other liquids, at various temperatures, and descrip- 
tion of his apparatus, ^6. 

Biot's experiments on aqueous vapours, IQA, 

Black, (Dr,) the discoverer of the doctrine of latent heat, 15. 
Method of determining the latent heat of steam, 132. 

Blinkinsop's patent for the improvement of locomotion by steam 
320. 

Blyth's patent for a method of retarding the speed of railway 
trains, 346. 

Boiler, explanation of Zeigler's experimental, 34. 

Boiling, point of, of steam, 13j liquids by steam, 158. De- 
scription of apparatus for, 15.0. 

Bones, Dr Papin's method of extracting gelatine from, IfiS- 

Booth's patent for the supplying the fuel to locomotive or sta- 
tionary steam-engines, 35{L 

Botanic garden of Edinburgh, experiments in warnung by steam 
the palm-house of the, 151 . 

Braithwaite's and Ericson*s steam-engine Novelty, an account of, 

m 

British Queen steam- vessel, the size and power of the, 256. 
Buchanan's account of a reefing paddle-wheel, 316. 
Bury's improvements on locomotion by steam, 337. 
Bushnel's revolving oars, 179. 

Caledonia steam vessel, the size and power of the, 25d. 

Caloric, effects of, on steam, water and ice, 8 ; the, on steam, 15 ; 
intensity of, ascertained by the thermometer, the quantity by 
the calorimeter, 127. Capacity for, of water, of mercury, and 
of oil, 128 ; table of the specific, in different substances, 129 ; 
effects of, upon ice, 130; when called latent heat, 131. Me- 
thod of determining the latent heat of ordinary steam, ib. 
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Watt was the first who determined the latent heat of steam, 
I22i Black^s method of determining the latent heat of 
steam, ib. Romford's, Southern's, and Schmidt's experiments 
in determining the latent heat of steam, Watt's con- 

clusion as to the amount of, in a given quantity of elastic va* 
pour, 13i ; quantities of, given out during their combustion by 
different kinds of fuel, 140. 

Calorimeter, the quantity of caloric ascertained by the, 12L 

Cattle, Newlands' steam apparatus for cooking the food of, Ifia. 

Cavallo, method of finding the heights of mountains by boiling 
water matured by, 24. 

Cayley's, (Sir George) patent for locomotive engines for com- 
mon roads or railways, 35L 

Chapman's patent for the improvement of locomotion by steam, 
322. 

Church's locomotive steam-engine, account of, 348. 
Clement's experiments on the latent heat of steam, 133. 
Clermont, (the,) the first American steam-boat, by Fulton, and 

account of the performances of, 207. 
Clothes, method of drying, by steam, 157. 

Clyde, Contrast between the navigation by steam thirty years ago, 
with that of the present day, on the, 221 ; account of the con- 
struction of steam- vessels on the, 244. 

Coal, vide Fuel. 

Colour of steam, dissemination in the air necessary to give the, 3. 

Nobili's observations on the, 5- . . ' 

Cochrane's, (Lord,) contrivances for the improvement of looomo- 

tion by steam, 323. 
Columbia steam-vessel, the size and power of the, 2M^ 
Condenser, of the marine steam-engine, 213. Various attempts to 

improve the, 274 ; enquiry into the best state of a, 276. 
Conditions of steam, water, and ice, and alternations produced by 

caloric, 8- 

Cooking by steam, Ifil. Dr Papin*s digester for, Ifi3; appa- 
ratus for, 167. Newlands' apparatus for the food of cattle, 

Cullen's, (Lord,) account of Miller's experiment for ascertaining 
the powers of the steam-engine in propelling vessels, 194- 

Cylinder of the marine steam-engine, 268 ; table of the dimen>- 
sions of the, of given horse power, 271. 
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Dalton, (Dr,) illostrations of the doctrine of latent heat, by, 15. 
Experiments on the pressure of air in the production of steam, 
and table of results by, Experiments on the elastic force of 
steam by, 52» Table of the force of steam from water in Tari- 
ous temperatures by, fil. Views of the laws of vapour by, are 
those from which may be gained the clearest and most adequate 
conceptions, Experiments on the vapour of water at vari- 
ous temperatures by, OS. Experiments by, on the vapour of 
water adopted by Laplace, IM. Experiments on the weight of 
air by, Table of the density of air and steam by, 

Desorme, experiments on the latent heat of steam by, 133. 

Despretz, result of experiments on the latent heat of steam by. 

Digester, Dr Papln*s, for softening bones and cooking, Ifil. 
Distillation in vacuo, the method of, 26. Howard's improve- 
ment of, adapted to obtaining delicate extracts from vegetables, 

2L 

t)istilUng by steam, an account of, 1^ 
Drying by steam, 157. 

Ebullition, in vacuo, VL Variations of, according to the tem- 
perature of the atmosphere and Sir John Robison's observa- 
tions on, IS ; affected by the distance from the centre of the 
earth, 29. Description of the pulse glass for illustrating the 
progress of, in vacuo, 2SL 

Eccentric valve of the marine steam engine, an account of the, 
283. 

Egyptians, Contrivances for propelUng vessels by paddles, by the, 
178. 

Elastic force of steam, 33> Ziegler*s researches concermng, ib. 
Dr Robison's experiments on the, Watt's experiments on 
the, 45. Result of Watt*s experiments on the, 48. Southern's 
experiments on the, 60. Achard's experiments on the, 57. 
Dalton's experiments on the, 59. Dalton's tables of, from water 
at various temperatures, 61^ Dr Ure's experiments on the, 62. 
Ure's tables of the, 67. Experiments of the French Academy 
. on the, 69.^ Experiments of the Franklin Institute on the, and 
description of the apparatus, 7L Table of the, 88. Mathema- 
tical laws which connect the, with its temperature, 24. Vari- 
ous formulae for, 107. 
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Elastic force of vapour at dififerent temperatures^ IJML 
Elizabeth, (the) probably the first remunerating steam- vessel ia 

the world, description and performances of, 22Q* 
Evaporation, method of producing, by steam, Goodlet^s 

method, 156. 

Expansive valves for the marine steam-engine, account of the, 

Fahrenheit, Boiling water as the means of determining the heights 
f mountains, suggested by, the subject further matured by 
Cavallo, and finally perfected by Wollaston, 23. Scale of tem- 
perature by, IQl^ 

Food, wholesome and nutritious, extracted from the most unpro • 
mising materials, by means of steam, 3^ Dr Papin's digester 
for preparing, by steam, 1^ Newlands* apparatus for cook- 
ing, for cattle, 16d. 

Force of steam — vide Elastic force of steam. 

Form, proportions, and mechanical structure of steam- vessels, 293. 

French academy of sciences, experiments of a conmiission of the, 
on the elastic force of steam, Q£L Description of the apparatus 

. of the, TiL Result of thirty experiments on the elastic force of 
steam, by the, 25. 

French, Claims to the invention of navigation by steam by the, 
238. 

Franklin, (Dr) the pulse glass, an invention attributed to, 28. » 

Institute, experiments of the, on the elastic force of 

steam, and description of the apparatus, TL Table of the elas-^ 
tic force of steam at dififerent temperatures, by the, 88. Table 
of the elastic force of steam from one to ten atmospheres of 
the, 92i 

Fuel, Dalton's experiments vtith, ML Quantities of caloric given 
out by dififerent kinds of, during their combustion, LLL Quan- 
tity of steam obtained from a given quantity of water and, 112. 
Parke's investigations respecting, 142. 

Fulton, (Robert) account of the early life of, 200; attempts to. 
blow up the English ships blockading the coast of France, and 
results, 201 ; returns to America, and account of his experi- 
ments in the improvement of steam navigation, 202 ; constructs- 
a steam. vessel on a large scale; untoward result : builds another, ' 
and the result a failure, 204. Visits and witnesses the perform- 
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ances of Symington's steam-boat on the Forth and Clyde Canal, 
205* Furnished by Symington, with information respecting his 
steam-boat, 206 ; applied to Bolton and Watt, under a feigned 
name, to assist him in the construction of a steam engine suited 
to the purpose of propelling a steam vessel ; the disguise dis- 
covered ; returns to America, and along with Livingston ob- 
tains the monopoly of steam navigation in the state of New 
York, for their invention of steam boats, his first boat the 
Clermont, inferior in velocity to the first by Miller, Taylor, and 
Symington, 207. Account of the experiments of the Clermont 
steam- vessel, 208. The merits of, 211. 

Garay, (Blasco de) Account of a machine for propelling vessels 
without sails or oars, by, 223. 

Gas, Steam in its attenuated state, a transparent, invisible, and col- 
ourless, 4, 

Gear, use of the hand, 282^ 

Gelatine, Method of extracting, from bones, IfiS* 

Gillingham's and Winans' locomotive steam-engine, an account of, 
34L 

Glass, the pulse, an invention attributed to Dr Franklin for illus- 
trating the process of ebullition in vacuo, description of, 28. 

Goodlet's invention of a method of producing evaporation and 
drying by steam, 150^ 

Great Western steam- vessel, the size and power of the, 256. 

Greenhouses, Warming of, by steam, IML Experiments at the 
palm-house of the Botanic Garden of Edinburgh, 15L 

Gumey*s locomotive steam-engine, account of the performances 
of,3iQ. 

Gutzmer's vertical steam-engine, 263. 

Haig's patent for an improvement of the carriage wheels of loco- 
motive steam-engines, 351. 

Hall's, (Adam,) practical advantage in navigation by steam, 24L. 
Patent reefing paddle-wheel, 316. 

Hancock's patent for an improvement on the fire bars of locomo- 
tive engines, 341. 

Hand gear, the use of the, 283. 

Harrison's patent for an improvement on the wheels of locomo- 
tive steam-engines, 349. Patent for placing locomotives on two 
carriages instead of one, 352. 
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H<eat, vide Caloric. 

Heights, Tlie barometrical method of measuring, 20. Rules for 
finding, by boiling water, suggested by Fahrenheit, 23* 

Hicks' patent for an improvement in the cylinders of locomotiYO 
steam-engines, 344. 

High pressure steam-engine, Explanation of the source of motion 
in the, SL Taylor's and Arsberger s experiments on, 6fiL 

Horses, Newlands' steam apparatus for cooking the food of, 169. 

Hothouses, Warming of, by steam, 150. Experiments at the palm- 
house of the Botanic Garden at Edinburgh, l^L. 

Howard's improvement of distillation in vacuo usefully employed 
in the refining process of sugar, and adapted to obtaining deli- 
cate extracts from vegetables, 27. 

Hulls, (Jonathan) A tract published in the year 1736, suggesting 
steam navigation by, 225. Patent granted to, with description 
and plan for a steam-boat, 227. Professor Renwick s detrac- 
tions from the merit of, 230 

Humphrey's description of the French steam-engine, 268. 

Ice, water> and steam, three conditions of the same substance, Ti 
Effects of caloric on, when in the process of melting, 130. 

Invention of navigation by steam awarded-to Miller, Taylor, and 
Symington, 220. 

Italian claims to the invention of navigation by steam, 238. 

Ivory's formula for the elastic force of steam, 107. 

Jupiter, comparative temperature of, with that of the earth, 9, 

Laplace's experiments on aqueous vapour, 104 ; determination of 

the latent heat of steam, 133. 
Latent heat, vide Caloric. 

Lavoisier's determination of the latent heat of steam, 133. 

Liquids, Description of the apparatus for boiling, by steam, 158. 

Livingstone, nine years after Miller's successful experiment, as- 
tempts steam navigation in America, a failure, co-operates vrith 
Fulton in the construction of a steam-vessel on a large scale, 
result, 203 ; along with Fulton obtains the monopoly of steam* 
navigation in the state of New York for their invention of steam- 
boat^, 207 ; the first to form mercantile steam navigation on 
the Hudson, in America, 239. 
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Liyerpool and Manchester railway. Account of the competition 
of locomotive steam carriages on the, 3^. 

Liverpool steam-vessels^ the size and power of the, 25&m 

Locomotion from steam. Ifistory of the invention of, and ac- 
count of Watt's, Robison's, and Murdoch's first attempt at 
317. Richard Trevithick the first person who reduced the 
theory of, to practice, with description of his engine, ib. 
George Stephenson the inventor of the blast for, Jm- 
provements by Trevithick, 31fl^ Blinkinsop*8 patent (or the 
improvement of, 32(L Chapman's patent for the improvement 
of, 321. Description of George Stephenson s engine for, 322. 
Walker's and Rastrick's report on the comparative merits of 
fixed and locomotive engines, 327. Stephenson's and Locke's 
examination of Walker's and Rastrick's report on, 328. 

Locomotive steam-engines. An account of the competition of, on 
the Liverpool and Manchester railway, 322. Stephenson's 
Rocket, 331. An account of Stephenson's first eight, 33S. 
Brathwaite's Novelty, 332. Bury's improvement on, 337. Mar- 
doch and Aitken's metallic pbtons first applied to, 339. Ste- 
phenson's patent for an improvement on the axles of, ib- An 
account of Gurney's, M£L Mode of registering the speed of, 
Hancock's patent for the improvement of the fire-bars of, 
ib. Maceroni's patent for an improvement on the boilers of, 
342. Robert Stephenson's patent for the cranked axles in, ib. 
Hick's patent for an improvemement on the cylinders of, 3M. 
Whiteside's patent for an improvement of, 345. Baldwin's at- 
tempts at improvement of, ib. Blyth's patent for retarding the 
speed of, .^4fl- Account of the performances of Gillingham and 
Winan's, 347. Account of Church's, 34a. Harrison's patent 
for the improvement of the wheels of, 349* Harrison's patent 
for placing two on one carriage, 352. Booth's patent for the 
supplying fuel to, 350. 

Low pressure steam-engine, The source of motion in the, explained, 
SI. 

Lussac's experiments on the latent heat of steam, 132 ; experi- 
mcnts and account of his apparatus for determining the specific 
gravity, density, and volume of steam, 136 ; table of the den- 
sity and volume of steam, 140. 

Maceroni's patent for an improvement on the boilers of the loco- 
motive steam-engines^ 342. 
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Marine steam-engine. Vide Stbam.Engine. 

Mathematical law which connects the elastic force of vapour with 
its temperature, 94. 

Melling's new mode of opening and shutting the slide valres of lo. 
comotive steam-engines, 337. 

Mercury. The capacity for caloric of, 12a. 

Miller, (of Dalswinton.) Mechanical pursuits of, invention of the 
carronade by, and attempts to improve naval architecture of, 
Ifil. Experiments in propelling vessels by powers other than 
the force of wind, 182. Account of experiments on paddle- 
wheels by, 185. Taylor's snggestion of the steam-engine as a 
power of propelling vessels, to, 1S6 ; adapted Symington's lo- 
comotive steam-engine to the purpose of turning the paddle- 
wheels, 18S. First vessel propelled by steam put in motion on 
the lake at Dalswinton belonging to, Experiments on 

navigation by steam on the Forth and Clyde canal, and the ves- 
sels, with account of the trial by Lord Cullen, 194. Invention 
of steam-navigation by, attacked by Professor Renwick, 225. 
Renwick*s misrepresentations of, exposed, 236. 

Morris. An account of a locomotive steam-engine by, 352. 

Motion, the source of, in high and low-pressure engines, explained, 
3L 

Mountains. Barometrical method of measuring the heights of, 20. 
Steam may be rendered the means of determining the heights 
of, 21x Rules for finding the heights of, by boiling water, sug- 
gested by Fahrenheit, matured by Cavallo, and completed by 
Wollaston, 24. 

Murdoch's first attempt at locomotion from steam, 317. 

• 's and Aitken's metallic pistons first applied to locomo. 

tion by steam, 33iL 

Napier, (David,) improvements in the construction of steam- ves- 
sels by, 245; method of ascertaining the difficulties to be encoun- 
tered by navigation by steam in the open sea by, 24fi; establishes 
the first communication by means of steam, between Greenock 
and Belfast, 24Z ; simplification of the marine steam-engine by, 
2S5. 

Napier, (Robert,) Improvement of steam- vessels by, 25L 
Navigation by steam. Reflections on the vast importance of, to the 
civilization of mankind, ITL Rapid increase of steam-vessels in 
Britain and Ireland, 173. A statement of the approximate num- 
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ber, tonnage, and power of vessels belonging to the mercantile 
steam-marine of the United Kingdom, and its dependencies, for the 
year ending 1838,114^ Increase of since 1838, and estimate of the 
amount of capital afloat in British steam-ships, 175. Increase of, in 
America, superiority of river steamers thereto those of Britain, 
ib. Estimate of the number of steam-ships in America, 176. Inven- 
tion of, 177. Competitors for the honour of the invention of the 
Inodern art of, Patrick Miller, James Taylor, and William Sym- 
ington, examination of each of their claims, and found to be the 
joint invention of these three, 181- Account of Miller, and his ex- 
periments in, ib. Taylor, and hb suggestions of, l&L Syming- 
ton, and his improvements in, 187. Lord CuUen's account of 
Miller's experiment in, 194. Sum expended by Miller in im- 
proving, 196 ; invented and perfected in Scotland, but its pro- 
gress slow and difficult from old habits and prejudices; early 
fostered and brought to maturity in America, 2QS, Contrast 
of, on the Clyde thirty years ago, with that of the present day* 
22L Contending claims to the invention of, 222- The inven- 
tors of, not rewarded, a just reproach to this kingdom, i6. Claims 
to the invention of, by the British, the American, the Spanish, 
and the Italian nations, 22^ The invention of, awarded to Mil- 
ler, Taylor, and Symington, 226. Progress of, in America and 
Europe, 239. First mercantile, in Europe, on the Clyde, by 
Bell, and in America, on the Hudson, by Fulton and Livingston, 
239. Stevens the author of, in the open sea, 2ML Practical 
advantages introduced by Hall in, 242. Table of the compara- 
tive size and power of six of the largest of the recently con- 
structed vessels for Transatlantic, 256. Theory and practice of 
inodern, 

Newlands' steam apparatus for cooking the food of cattle and 
horses, 169. 

Newton, (Sir Isaac,) the determination of colours by, 5. 
New York, steam- vessels, the size and power of the, 25^ 
Nobili, notice of, on the colours transmitted by their strata of va- 
pour, 5. 

Novelty, An account of Brathwaite's locomotive steam-engine the, 
232. 

Paddles, Contrivances of the Egyptians and Romans in navigation 
by, 178. Miller's experiments on, 185. Application of Sym- 
ington's engine to the turning of Miller's, 
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Paddle-wheel preferred as the best propeller of steftm- vessels, 

Account of various kinds of, 308. Description of, by David 

Stephenson, Buchanan's account of a reefing, Slfi. Hall's 

patent for a reefing, Slfi* 
Papin*s new digester for softening bones and cooking by steam, 

IfiS ; method of extracting gelatine from bones by steam, 165 ; 

piston and rack for propelling ships, 179. 
Parke's investigation respecting the quantity of steam obtained 

from a given quantity of water and fuel, 142. 
Planet, An account of the locomotive steam-engine, 336. 
Power, The proportion of, to the tonnage of steam-vessels, 2M. 

Rule for finding the best proportion of, to the tonnage of steam- 
' yessels, 280. 

President steam- vessel, The size and power of the, 256. 
Proportions, form, and mechanical structure of steam-vessels, 293. 
Propulsion, The immediate mechanism of, 306. 
Prony, (M. de,) his formula of the laws which govern the rela- 
tion between the temperature and the elasticity of aqueous va- 
■ pour, 162. Formula for the vapour of alcohol, 104. 
Pulse Glass — Yide Glass. 

Renwick, (Professor,) The detractions of, from the merits of Jo- 
nathan Hull, uncandid, ungenerous, and incorrect, 232. Work 
on the steam-engine by, 230. Attack upon the invention of 
Miller, and praise of Fulton by, 235* Misrepresentations as to 
the invention of navigation by steam by, 236. Account of the 
practical advantages introduced by Adam Hall in navigation by 
steam by, 243. 

Robison's, (Dr,) observations on the sounds of steam, 11; expe- 
riments on the phenomena of the temperature and elastic force 
of steam, and description of his apparatus, 32 j suggestions of 
locomotion by steam, 317. 

Robison's, (Sir John,) observations on the variations of the atmo- 
sphere, 1.0. 

Roche's formula of the elastic force of steam, 107. 
Rocket, A description of Stephenson's locomotive steam-engine 
the, 331. 

Romans, Contrivances for propelling ships by paddles of the, 178. 
Rumford's method of ascertaining the latent heat of steam, 133i 
Rupert's (Prince) wheel*boat, ITS. 
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Sea, Sterenfl the author of naTigation by steam in the open, 245. 
Napier's (David ) method of ascertaining the difficulties to be 
encountered by navigation by steam in the open, 2iS^ The first 
communication between Greenock and Belfast, by means of 
steam, established by David Napier, 247. Account of the con- 
struction of steam- vessels for navigation in the open, 248- 

Schmidt's formula for the elastic force of steam, 107 ; experi- 
ments in determining the latent heat of steam, 133. 

Scotland, Navigation by steam invented in, but its progress slow 
and difficult from habits and prejudices, 208< 

Sounds of steam, Causes of the, and Robison*s observations on the, 
LL 

Southern's experiments on the elastic force of steam, and difference 
from those of Watt, 50 ; letter on the elastic force of steam, 
52; experiments on the latent heat of steam, 133. 

Spanish claims to the invention of navigation by steam, 223 ; ao« 
count of Blasco de Garay's machine for propelling vessels and 
fleets without sails or oars, 223> 

Speed, Mode of registering the, of locomotive steam-engines, 34L 

Stanhope*s revival of duck's-feet oars, 179. 

Steam, General nature regarding the properties, phenomena, and 
applications of, SL Water, ice, and, three conditions of the same 
substance, 7i Alterations c^i, 8 ; one of the gases, & De- 
scription of the generating of, as seen in a glass vessel by the 
application of fire to water, liL Sounds of, ib. Causes of the 
sounds of, 11^ Robison's observations on the sounds of, ib. The 
temperature of, always the same as that of the water which pro- 
duces it, 13* The boiling point of, ib. Caloric in, 15. Ba- 
rometrical changes on, 20. Production of, affected by the pres- 
sure of air, 17, Dalton's experiments in, 18 ; may be rendered 
the means of determining the heights of mountains, as a substi- 
tute for the barometer, 21 ; as a means of determining heights, 
suggested by Fahrenheit, 23. Worcester's experiments on the 
expansion of, 31 ; an economizer, distributor, and reservoir of 
heat from the combustion of fuel, 32 ; the means of extract- 
ing wholesome and nutritious food from the most unpromising 
materials, ib. Ziegler's researches concerning the elastic force 
of, 33. Dr Robison's experiments on the elastic force of, 
39. Watt s experiments on the elastic force of, 45. Various 
experiments on the elastic force of, 50-69. Taylor's and As- 
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berger's experiments on the high pressure of, 68. Experiments 
of the French Academy of Sciences, and of the Franklin Insti- 
tute, on the elastic force of, 75-88. Table of the Franklin In- 
stitute of the elastic force of, from one to ten atmospheres, 93* 
Mathematical law which connects the elastic force of, with its 
temperature, 04* Various formulaa for the elastic force of, 109. 
Method of determining the latent caloric of ordinary, 13L Va- 
rious experiments on the latent heat of» 133. Lussac's experi« 
ments, and an account of his apparatus for determining the spe- 
cific gravity, density, and volume of, 136* Dalton's table of the 
density of air and, 13IL Lussac's table of the density and volume 
of, 140. Table of the force of, at different temperatures, 124. 
Quantity of, obtained from a given quantity of water and fuel, 
142. Warming apartments by, 143. Economy of fuel in, 144* 
Warming hothouses by, 150. Experiments in warming the 
palm-house of the botanic garden of Edinburgh by, 151, Eva- 
porating and drying by, 154- Warming baths, boiling liquids, 
and distilling by, 158. Preparation of food by, 161. Papin's 
engine for cooking by, IfiS. Newlands* apparatus for cooking 
food for cattle and horses by, 16£L 
Steam-engine, the principal source of motion in a high pressure 
and also in a low pressure explained, 31* Description of the 
beam, or lever, as used on land to turn round machinery, 252* 
Account of Gutzmer's vertical marine, 263* David Napier's 
simplification of the marine, 265, Description of the steeple 
marine, 266* Humphrey's trunk marine, 26Z. Cylinder of the 
marine, 268* 

Stevens, (R. L.,) the author of steam navigation in the open sea, 
240. Improvements of the steam-engine by, 240* 

Structure, proportion, and form of steam-ships, 2S3* 

Sugar, Howard's improved method of refining, by steam, 27. 

Symington, a competitor for the honour of the invention of the 
modem art of navigation by steam, 181 ; applies his engine to 
the purpose of turning the paddle-wheels of Miller's boat, as 
suggested by Taylor, 189 ; constructed a steam- vessel for the 
purpose of superseding the use of horses in towing vessels along 
the Forth and Clyde canal, an account of the experiment and 
vessel, 198 j gives Fulton an account of his steam.vessel, 206* 



Taylor's experiments on high pressure steam, 68* 
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Taylor, (James,) a aompetitor for the honour of the invention t)f 
the modem art of navigation by steam, 181. Miller's experi- 
ments on paddle-wheel boats witnessed by, 185 ; conversations 
with Miller on powers for propelling vessels other than the 
force of wind, ib; suggests the steam-engine as a power for 
propelling vessels, 18fi ; proposed the application of Syming- 
ton's locomotive engine to the turning of the paddles of Miller's 
boat, ISO. 

Temperature, Comparative, of the earth with that of Jupiter, 2. 
of steam always the same as that of the water which produces 
it, 13j of the atmosphere, variable, 1^ Table of, as affecting 
the boiling of water, 2!L Betancourt's experiments on the 
force of the vapour of water, alcohol, and other liquids at va- 
rious, SO* Dr Robison's experiments on the, and elastic force 
of steam, 2S. Mathematical law which connects the elastic 
force of steam with its, Q^L Dalton's table of the elastic force 
of steam at various, 61. Table of the Franklin Institute of the, 
of steam, 88, Dalton's experiments on the vapour of water at 
various, QSi Dalton and Fahrenheit's scales of, 101. Prony*s 
formula of the law which governs the relation between the, and 
the elasticity of aqueous vapour, 102, Table of the force of • 
steam at different, 12:L 

Thermometer, intensity of caloric ascertained by the, 127. 

Thomas' patent for economizing fuel for locomotive engines, 252, 

Thomson, (John,) the Elizabeth steam-vessel of thirty-three tons 
belonging to, probably the first remunerating steamovessel in the 
world, a description of, 219. 

Tonnage, The proportion of power to, 284 ■ Rule for finding the 
best proportion of power to, 280, 

Trevithick, (Richard,) the first person who reduced the theory 
of locomotion by steam to practice, 317. Account of his first 
trial, and description of his engine for obtaining locomotion by 
steam,' 3 18. Various improvements in locomotion by, S12. 

Trunk steam-engine by Humphreys, an account of the, 267. 

Ure*s, (Dr,) experiments *pn the elastic force of steam^ and ac- 
count of his apparatus, 62 , table of the elastic force of steam 

by, 6L . 

Unicorn steam-vessel, account of the performances of the, 253, 
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Vacuo, ebullition in, 17. Distillation in, 26* Distillation in, adapt- 
ed to obtaining delicate extracts from vegetables, 2L De- 
scription of the pulse glass for illustrating the process of ebul- 
lition in, 2&± 

Vacuum, The principal source of power derived from using steam 
.for the purpose of forming a, in low pressure engines, 31* 

Valves and valve passages of the marine steam-engine, 279. The 
eccentric, 281* The expansive, 283, 

Vapour, Nobili*s notice of the colours transmitted by thin strata 
of, Betancourt's experiments on the force of the, of water, 
36. Dalton's experiments on, 27, Prony*s formula of the 
law which governs the relation between the temperature and 
the elasticity of aqueous, 102. Laplace's experiments on, 104. 
Biot*8 experiments on, 105. Prony's formula for the, of alco- 
hol, 104, Table of the elastic force of, in inches of mercury at 
different temperatures, 120. 

Variations of the atmosphere. Sir John Robison's observations on, 
Ifl. Table of, as affecting the boiling of water, 20i 

Vegetables, Howard's improvement of distillation in vacuo in the 
refining of sugar, and also adapted to obtaining delicate extracts 
from, 27, 

Walker and Rastrick*s report on the comparative merits of fixed 
and locomotive engines, 327. 

Warming apartments by steam, 143, Economy of fuel in, 144, 
Manner of effecting the, t6. Description of apparatus for, 147. 
baths, boiling liquids, and distilling by steam, 158. 

Water, steam, and ice, three conditions of the same substance, L 
The phenomena of the ebullition of, 11^ The temperature of 
steam always the same as the, which produces it, 13, The tem- 
perature of the air regulates the boiling point of, IIL Sir John 
Robison's observations on the point of ebullition of, ib* Rules 
for finding the heights of mountains by boiling, originally sug- 
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